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Abstract 
 
The purpose of the present study was to establish a metabolic 
profile test for crossbred dairy cows in Sudan, to study the factors 
affecting it, to use it as a tool to predict the occurrence of metabolic 
diseases and to correlate the levels of certain blood metabolites during the 
post partum period with the reproductive performance of these dairy 
cows. Furthermore, during this period of metabolic profiling test, two 
certain metabolic diseases, namely milk fever and bovine ketosis were 
surveyed and their clinical and biochemical pictures were studied. To 
achieve this work, 206 crossbred dairy cows with different ages and 
parities in different five dairy herds in Khartoum State were selected. 
The mean blood levels of glucose, cholesterol, calcium, phosphorus, 
magnesium, urea and total protein in the different 5 dairy herds were 
determined. The highest reported blood glucose level was 45.6 ± 1.4 
mg/dl and the lowest level reported was 43.2. ± 1.1 mg/dl. The mean 
blood levels of cholesterol of the 5 herds ranged between 58.5 and 74.2 
mg/dl. Mean blood levels of calcium ranged between 6.1 and 7.0 mg/dl. 
Mean blood levels of phosphorus ranged between 3.7 and 4.8 mg/dl. 
Mean blood levels of magnesium for the 5 herds ranged between 2.7 and 
4.0 mg/dl. Blood levels of urea of the 5 herds ranged between 10.6 and 
16.0 mg/dl. Mean blood levels of total protein ranged between 7.1 and 
10.8 g/dl. Herd had a significant effect (P< 0.0001) on blood levels of 
cholesterol, calcium, phosphorus, magnesium, urea and total protein, but 
did not significantly affect the blood glucose levels. 
The effect of seasons of the year on blood levels of the above 
mentioned metabolites were studied. Glucose, cholesterol, calcium, 
magnesium, and urea blood levels had been found not to be affected  by 
season of the year (P > 0.05). However, season had a significant effect  
on blood levels of phosphorus and total protein (P < 0.05). 
The effect of stage of lactation on blood levels of glucose, 
cholesterol, calcium, phosphorus, magnesium, urea and total protein was 
studied. For all these metabolites, stage of lactation had a significant 
effect (P < 0.0001). For all metabolites, blood levels were significantly 
lower (p < 0.0001) in the early stage of lactation, and in the dry period 
and significantly higher in mid-lactation and during the closed-up dry 
period except for blood phosphorus levels which were significantly 
higher in early stage of lactation and during the dry period. Blood levels 
during the late lactation were significantly lower for glucose, calcium, 
magnesium and total protein but not for cholesterol, phosphorus and urea. 
The reproductive performance of the dairy cows in the different 5 
dairy herds was determined regarding the duration of postpartum period, 
the open period, the number of services per conception and the calving 
interval. The duration of postpartum periods had been found to range 
between 84.0 and 96.4 days. There was no significant difference between 
the 5 herds regarding the postpartum period. The number of services per 
conception was found to be between 2.0 and 3.3. The lengths of open 
periods had been found to range between 113.1 and 131.5 days. The 
calving intervals reported in this study for the 5 dairy herds dad been 
found to range between 392.4 and 409.4 days. The effects of blood levels 
of glucose, cholesterol, calcium, magnesium, urea and total protein, 
during the postpartum period, on the duration of postpartum period and 
the number of services per conception were investigated in this study. 
There was no relationship between blood levels of glucose, calcium, 
magnesium, urea and total protein, and the duration of post partum 
period. Also the blood levels of glucose, cholesterol, phosphorus, and 
magnesium were not found to influence the number of services per 
conception. (Y<0.1). However, There was a negative relationship 
between blood levels of cholesterol and phosphorus and the duration of 
postpartum period. The number of services per conception was positively 
related to the blood levels of urea and total protein, and the trait was 
negatively related to the blood levels of calcium.  
Metabolic profile test during the dry period was used as a tool to 
predict the occurrence of milk fever and bovine ketosis. The Mean blood 
levels of calcium, phosphorus and magnesium during the dry period were 
significantly lower by about 49% in dairy cows which developed the 
clinical signs of the disease compared to the mean blood levels of other 
cows during the dry period, so that the three metabolites were highly 
predictive for the occurrence of milk fever, however blood levels of 
glucose and cholesterol were not predictive for the occurrence of the 
disease. Blood levels of urea and total protein were significantly higher in 
dairy cows, which developed the disease. Blood levels of glucose and 
cholest-erol were found to be predictive for the appearance of bovine 
ketosis in this study. Mean blood levels of glucose and cholesterol were 
about 30% lower than the blood levels of dairy cows, which, did not 
develop the disease. Blood levels of calcium, phosphorus and magnesium 
were not predictive for the occurrence of ketosis. Blood levels of urea and 
total protein of dairy cows which showed the clinical signs of the disease 
were about two times the blood levels of the other cows. The incidence 
rates of milk fever and ketosis reported in this study were 5.33  % and 
0.97 % respectively. One milk fever case (9.09 %) was complicated by 
hypophosphataemia and one case (9.09 %) died.   
  ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
 اﻟﻬﺠﻴﻦ ﻓﻲ ﻷﺑﻘﺎر اﻟﻠﺒﻦآﺎن اﻟﻐﺮض ﻣﻦ هﺬﻩ اﻟﺪراﺳﺔ هﻮ  دراﺳﺔ اﻟﻤﺴﺘﻮي اﻷﻳﻀﻲ 
 ﻣﻨﻪ ﻓﻲ اﺳﺘﺨﺪام اﺧﺘﺒﺎر اﻟﻤﺴﺘﻮي اﻷﻳﻀﻲ واﻻﺳﺘﻔﺎدﻩ، دراﺳﺔ اﻟﻌﻮاﻣﻞ اﻟﺘﻲ ﺗﺆﺛﺮ ﻋﻠﻴﻪ، اﻟﺴﻮدان
  و ﻣﻘﺎرﻧﺔ ﺑﻌﺾ ﻣﺌﻴﻀﺎت اﻟﺪم أﺛﻨﺎء ﻓﺘﺮة اﻟﺴﻜﻮن اﻟﺠﻨﺴﻲ ﺑﻌﺪاﻟﺘﻨﺒﺆ ﺑﺤﺪوث اﻷﻣﺮاض اﻷﻳﻀﻴﺔ
 ﺣﻤﻲ اﻟﻠﺒﻦ آﻤﺎ ﺗﻢ ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ اﻟﺘﺮآﻴﺰ ﻋﻠﻲ ﻣﺮﺿﻲ. اﻟﻮﻻدة ﻣﻊ اﻟﻜﻔﺎءﻩ اﻟﺘﻨﺎﺳﻠﻴﺔ ﻟﻬﺬﻩ اﻷﺑﻘﺎر
و . اﻟﺴﺮﻳﺮﻳﺔ  و اﻟﺒﻴﻮآﻴﻤﻴﺎﺋﻴﺔ و ﺗﺤﺪﻳﺪ اﻟﻌﻼﻣﺎت اﻹﺻﺎﺑﺔ ﻓﻴﻤﺎ ﻳﺨﺘﺺ ﺑﻤﻌﺪﻻت و آﻴﺘﻮزز اﻷﺑﻘﺎر
ات ﻣﺨﺘﻠﻔﺔ ﻓﻲ  ﻓﻲ أﻋﻤﺎر و ﻋﺪد وﻻدﻣﻦ أﺑﻘﺎر اﻟﻠﺒﻦ اﻟﻬﺠﻴﻦ 602ﻻﻧﺠﺎز هﺬﻩ اﻟﺪراﺳﺔ ﺗﻢ اﺧﺘﻴﺎر 
  .  ﺑﻮﻻﻳﺔ اﻟﺨﺮﻃﻮمﻣﺰارع ﻟﻸﻟﺒﺎنﺧﻤﺲ 
اﻟﻴﻮرﻳﺎ و ، اﻟﻤﺎﻏﻨﻴﺰﻳﻮم، ﻮرﻔاﻟﻔﺴ، مﻮاﻟﻜﺎﻟﺴﻴ، ﻠﺴﺘﺮولﻜاﻟ، ﺗﻢ ﺗﺤﺪﻳﺪ ﻣﺴﺘﻮي اﻟﺠﻠﻮآﻮز
و أدﻧﻲ ،  ﻣﻞ001/  ﻣﻠﺠﻢ4.1 ±6.54أﻋﻠﻲ ﻣﺴﺘﻮي ﻟﻠﺠﻠﻮآﻮز ﺑﺎﻟﺪم آﺎن . اﻟﺒﺮوﺗﻴﻦ اﻟﻜﻠﻲ ﺑﺎﻟﺪم
ﺘﻮي اﻟﻜﻠﺴﺘﺮول ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻘﻄﻌﺎن ﻣﺘﻮﺳﻂ ﻣﺴ.  ﻣﻞ001/ ﻣﻠﺠﻢ 1.1 ± 2.34ﻣﺴﺘﻮي ﻟﻪ آﺎن 
 و 1.6ﻣﺴﺘﻮي اﻟﻜﺎﻟﺴﻴﻮم ﺗﺮاوح ﻣﺎ ﺑﻴﻦ .  ﻣﻞ001/ ﻣﻠﺠﻢ 2.47 و 5.85ﺗﺮاوح ﻣﺎ ﺑﻴﻦ اﻟﺨﻤﺴﺔ 
ﻣﺴﺘﻮي .  ﻣﻞ001/ ﻣﻠﺠﻢ 4 و7.3ﻣﺴﺘﻮي اﻟﻔﺴﻔﻮر ﺗﺮاوح ﻣﺎ ﺑﻴﻦ .  ﻣﻞ001/ ﻣﻠﺠﻢ 0.7
 و 6.01ﻴﻦ ﻣﺴﺘﻮي اﻟﻴﻮرﻳﺎ ﺗﺮاوح ﻣﺎ ﺑ.  ﻣﻞ001/ ﻣﻠﺠﻢ 0.4 و 7.2اﻟﻤﺎﻏﻨﻴﺰﻳﻮم ﺗﺮاوح ﻣﺎ ﺑﻴﻦ 
آﺎن .   ﻣﻞ001/ﺟﻢ 01 و1.7 ﻣﻞ و ﻣﺴﺘﻮي اﻟﺒﺮوﺗﻴﻦ اﻟﻜﻠﻲ ﺗﺮاوح ﻣﺎ ﺑﻴﻦ 001/ ﻣﻠﺠﻢ 0.61
  . ﻟﻠﻘﻄﻴﻊ ﺗﺄﺛﻴﺮا ﻣﻌﻨﻮﻳﺎ واﺿﺤﺎ ﻋﻠﻲ ﻣﺴﺘﻮي آﻞ اﻟﻤﺌﻴﻀﺎت اﻟﺘﻲ ﻗﻴﺴﺖ ﻣﺎﻋﺪا اﻟﺠﻠﻮآﻮز
 اﻟﻔﺼﻞﺗﻤﺖ دراﺳﺔ ﺗﺄﺛﻴﺮ ﻓﺼﻮل اﻟﺴﻨﺔ ﻋﻠﻲ اﻟﻤﺴﺘﻮي اﻷﻳﻀﻲ ﻟﻸﺑﻘﺎر اﻟﺤﻠﻮب ﻓﻠﻢ ﻳﺆﺛﺮ 
و أﻳﻀﺎ ﺗﻤﺖ دراﺳﺔ ﺗﺄﺛﻴﺮ ﻣﺮﺣﻠﺔ اﻻدرار . ﺴﺘﻮﻳﻲ اﻟﻔﺴﻔﻮر و اﻟﺒﺮوﺗﻴﻦ اﻟﻜﻠﻲ ﻋﻠﻲ ﻣإﻻﻣﻌﻨﻮﻳﺎ 
ﺑﺎﻟﻨﺴﺒﺔ ﻟﻤﺌﻴﻀﺎت اﻟﺪم اﻟﺘﻲ ذآﺮت ووﺟﺪ أن ﻟﻤﺮﺣﻠﺔ اﻻدرار ﺗﺄﺛﻴﺮا ﻣﻌﻨﻮﻳﺎ ﻋﻠﻲ ﻣﺴﺘﻮي آﻞ 
 ﻓﻲ ﺑﺪاﻳﺔ ﻣﺮﺣﻠﺔ اﻻدرار و ﻓﻲ ﻓﺘﺮة اﻟﺠﻔﺎف و   ﻣﻨﺨﻔﻀﺎاهﺎ آﺎن ﻣﺴﺘﻮ أن وﺟﺪإذ ، اﻟﻤﺌﻴﻀﺎت
درار وﻓﻲ ﻓﺘﺮة اﻟﺠﻔﺎف اﺛﻨﺎء اﻟﺪﻓﻊ اﻟﻐﺬاﺋﻲ ﻣﺎﻋﺪا ﻣﺴﺘﻮي اﻟﻔﺴﻔﻮر ﻣﺮﺗﻔﻌﺎ ﻓﻲ ﻣﻨﺘﺼﻒ ﻓﺘﺮة اﻻ
ﻣﺴﺘﻮي ﻣﺌﻴﻀﺎت اﻟﺪم آﺎن ﻣﻨﺨﻔﻀﺎ . اﻟﺬي آﺎن ﻋﺎﻟﻴﺎ ﻓﻲ ﺑﺪاﻳﺔ ﻣﺮﺣﻠﺔ اﻻدرار و ﻓﻲ ﻓﺘﺮة اﻟﺠﻔﺎف
  . اﻟﻔﺴﻔﻮر و اﻟﻴﻮرﻳﺎ اﻟﺘﻲ آﺎﻧﺖ ﻣﺮﺗﻔﻌﺔ، ﻓﻲ ﻧﻬﺎﻳﺔ ﻓﺘﺮة اﻻدرار ﻋﺪا ﺑﺎﻟﻨﺴﺒﺔ ﻟﻤﺴﺘﻮﻳﺎت اﻟﻜﻠﺴﺘﺮول
 ﻗﻲ هﺬﻩ اﻟﺪراﺳﺔ ﺣﻴﺚ ﺗﺮاوح ﻃﻮل ﻓﺘﺮة ﻷﺑﻘﺎر اﻟﻠﺒﻦ اﻟﻬﺠﻴﻦاﻟﺘﻨﺎﺳﻠﻴﺔ ﺗﻤﺖ دراﺳﺔ اﻟﻜﻔﺎءة 
ﺗﺮاوح ﻋﺪد ،  ﻳﻮم4.69 و 4.48اﻟﺴﻜﻮن اﻟﺠﻨﺴﻲ ﺑﻌﺪ اﻟﻮﻻدة ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻘﻄﻌﺎن اﻟﺨﻤﺴﺔ ﻣﺎ ﺑﻴﻦ 
 و 1.311ﻃﻮل اﻟﻔﺘﺮة اﻟﻤﻔﺘﻮﺣﺔ ﺗﺮاوح ﻣﺎ ﺑﻴﻦ، 3.3 و 0.2اﻟﺘﻠﻘﻴﺤﺎت اﻟﻼزﻣﻪ ﻟﻠﺤﻤﻞ ﻣﺎ ﺑﻴﻦ 
  .  ﻳﻮم4.904 و 4.293ﻣﻨﻴﺔ ﻣﺎ ﺑﻴﻦ اﻟﻮﻻدﺗﻴﻦ ﺗﺮاوح ﻣﺎ ﺑﻴﻦ ﺘﺮة اﻟﺰﻔو ﻃﻮل اﻟ،  ﻳﻮم5.131
، اﻟﻔﺴﻔﻮر، اﻟﻜﺎﻟﺴﻴﻮم، اﻟﻜﻠﺴﺘﺮول، ﺗﻤﺖ دراﺳﺔ اﻟﻌﻼﻗﺔ ﻣﺎﺑﻴﻦ ﻣﺴﺘﻮي اﻟﺠﻠﻮآﻮز
اﻟﻴﻮرﻳﺎ و اﻟﺒﺮوﺗﻴﻦ اﻟﻜﻠﻲ أﺛﻨﺎء ﻓﺘﺮة اﻟﺴﻜﻮن اﻟﺠﻨﺴﻰ ﺑﻌﺪ اﻟﻮﻻدة ﻣﻊ ﻃﻮل ﻓﺘﺮة ، اﻟﻤﺎﻏﻨﻴﺰﻳﻮم
ﻼزﻣﺔ ﻟﻠﺤﻤﻞ ووﺟﺪ اﻧﻪ ﻻ ﻳﻮﺟﺪ ارﺗﺒﺎط ﻣﺎ ﺑﻴﻦ اﻟﺴﻜﻮن اﻟﺠﻨﺴﻲ ﺑﻌﺪ اﻟﻮﻻدة وﻋﺪد اﻟﺘﻠﻘﻴﺤﺎت اﻟ
اﻟﻴﻮرﻳﺎ واﻟﺒﺮوﺗﻴﻦ اﻟﻜﻠﻲ ﻣﻊ ﻃﻮل ﻓﺘﺮة اﻟﺴﻜﻮن ، اﻟﻤﺎﻏﻨﻴﺰﻳﻮم، اﻟﻜﺎاﻟﺴﻴﻮم، ﻣﺴﺘﻮي اﻟﺠﻠﻮآﻮز
اﻟﻔﺴﻔﻮر ، اﻟﻜﻠﺴﺘﺮول،  ﻻ ﻳﻮﺟﺪ ارﺗﺒﺎط ﻣﺎ ﺑﻴﻦ ﻣﺴﺘﻮﻳﺎت اﻟﺠﻠﻮآﻮزوأﻳﻀﺎ  .اﻟﺠﻨﺴﻲ ﺑﻌﺪ اﻟﻮﻻدة
ﻻ أن هﻨﺎﻟﻚ ﻋﻼﻗﺔ ﺳﻠﺒﻴﺔ ﻣﺎﺑﻴﻦ ﻣﺴﺘﻮي اﻟﻜﻠﺴﺘﺮول واﻟﻤﺎﻏﻨﻴﺰﻳﻮم وﻋﺪد اﻟﺘﻠﻘﻴﺤﺎت اﻟﻼزﻣﺔ ﻟﻠﺤﻤﻞ ا
ﻋﻼﻗﺔ اﻳﺠﺎﺑﻴﺔ ﻣﺎ ﺑﻴﻦ ﻣﺴﺘﻮي اﻟﻴﻮرﻳﺎ واﻟﺒﺮوﺗﻴﻦ ، واﻟﻔﺴﻔﻮر وﻓﺘﺮة اﻟﺴﻜﻮن اﻟﺠﻨﺴﻲ ﺑﻌﺪ اﻟﻮﻻدة
اﻟﻜﻠﻲ وﻋﺪد اﻟﺘﻠﻘﻴﺤﺎت اﻟﻼزﻣﺔ ﻟﻠﺤﻤﻞ وﻋﻼﻗﺔ ﺳﻠﺒﻴﺔ ﻣﺎ ﺑﻴﻦ ﻣﺴﺘﻮي اﻟﻜﺎﻟﺴﻴﻮم ﻓﻲ اﻟﺪم وﻋﺪد 
  .اﻟﺘﻠﻘﻴﺤﺎت اﻟﻼزﻣﺔ ﻟﻠﺤﻤﻞ
 ﻟﻠﺘﻨﺒﺆ ﻓﻲ ﻓﺘﺮة اﻟﺠﻔﺎف ﻻﺑﻘﺎر اﻟﻠﺒﻦ اﻟﻬﺠﻴﻦ اﻟﻤﺴﺘﻮي اﻷﻳﻀﻲ ﺳﺘﺨﺪامأﺟﺮﻳﺖ ﻣﺤﺎوﻟﺔ ﻻ
اﻟﻔﺴﻔﻮر و ،  و آﻴﺘﻮزز اﻷﺑﻘﺎر ﺣﻴﺚ وﺟﺪ أن ﻣﺴﺘﻮي اﻟﻜﺎﻟﺴﻴﻮماﻟﻠﺒﻦﺑﺤﺪوث ﻣﺮﺿﻰ ﺣﻤﻲ 
 ﺑﺤﺪوث ﻣﺮض ﺣﻤﻲ اﻟﻠﺒﻦ ﻗﺒﻞ ﻇﻬﻮر اﻷﻋﺮاض اذ آﺎﻧﺖ ﻣﻨﺰرﺁ ﻓﻲ ﻓﺘﺮة اﻟﺠﻔﺎف آﺎن اﻟﻤﺎﻏﻨﻴﺰﻳﻮم
ﻣﻦ ﻣﺴﺘﻮى % 94ﻗﻞ ﺑﺤﻮاﻟﻲ أﺘﻲ ﻇﻬﺮت ﻋﻠﻴﻬﺎ اﻷﻋﺮاض  اﻟﻓﻲ اﻷﺑﻘﺎرﻣﺴﺘﻮﻳﺎت هﺬﻩ اﻟﻌﻨﺎﺻﺮ 
 ﻟﺬا.   اﻟﺘﻲ ﻟﻢ ﺗﻈﻬﺮ ﻋﻠﻴﻬﺎ أﻋﺮاض اﻟﻤﺮضاﻷﺧﺮىﺎر ﻘهﺬﻩ اﻟﻌﻨﺎﺻﺮ ﻓﻲ ﻓﺘﺮة اﻟﺠﻔﺎف  ﺑﺎﻟﻨﺴﺒﺔ ﻟﻸﺑ
 ﺑﺤﺪوث آﺎﻓﻴﺂ ﻟﺘﺤﺪﻳﺪ اﻷﺑﻘﺎر اﻟﻤﻬﺪدﻩاﻟﻔﺴﻔﻮر و اﻟﻤﺎﻏﻨﻴﺰﻳﻮم آﺎن ،  اﻟﻜﺎﻟﺴﻴﻮمﺎتﻓﺎن ﻗﻴﺎس ﻣﺴﺘﻮﻳ
 أﻣﺎ ﻣﺴﺘﻮﻳﺎت .ﻧﻔﺲ اﻷﺛﺮ اﻟﺠﻠﻮآﻮز و اﻟﻜﻠﺴﺘﺮول ﻳﺎتﻣﺮض ﺣﻤﻲ اﻟﻠﺒﻦ و ﻟﻢ ﻳﻜﻦ ﻟﻘﻴﺎس ﻣﺴﺘﻮ
ﺎر اﻟﺘﻲ ﻇﻬﺮت ﻋﻠﻴﻬﺎ ﻘاﻟﻴﻮرﻳﺎ و اﻟﺒﺮوﺗﻴﻦ ااﻟﻜﻠﻲ ﻓﻜﺎﻧﺖ ﻣﺮﺗﻔﻌﺔ ارﺗﻔﺎﻋﺂ ﻣﻌﻨﻮﻳﺂ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻸﺑ
ﺑﺎﻟﻨﺴﺒﺔ ﻟﻸﺑﻘﺎر اﻟﺘﻲ  % 03 اﻟﺠﻠﻮآﻮز و اﻟﻜﻠﺴﺘﺮول آﺎن أﻗﻞ ﺑﺤﻮاﻟﻲ يﻣﺴﺘﻮ. ﻋﻼﻣﺎت اﻟﻤﺮض
ﻣﻔﻴﺪﺁ  آﺎن ﻓﻲ اﻟﺪمﺎن ﻗﻴﺎس هﺎﺗﻴﻦ اﻟﻤﺌﻴﻀﺘﻴﻦ ﻇﻬﺮت ﻋﻠﻴﻬﺎ أﻋﺮاض ﻣﺮض اﻟﻜﻴﺘﻮزز وﺑﺎﻟﺘﺎﻟﻲ ﻓ
اﻟﻔﺴﻔﻮر ،  أن ﻣﺴﺘﻮﻳﺎت اﻟﻜﺎﻟﺴﻴﻮم إﻻ،  اﻟﻤﺘﻮﻗﻌﺔاﻟﻜﻴﺘﻮززﻓﻲ ﻗﻴﺎس ﻣﻌﺪﻻت ﺣﺪوث ﻣﺮض 
أﻣﺎ ﻣﺴﺘﻮﻳﺎت اﻟﻴﻮرﻳﺎ واﻟﺒﺮوﺗﻴﻦ ،  ﺑﺤﺪوث ﻣﺮض اﻟﻜﻴﺘﻮززﻟﻬﺎ ﺻﻠﺔ ﻣﻌﻨﻮﻳﺔ واﻟﻤﺎﻏﻨﻴﺰﻳﻮم ﻟﻢ ﺗﻜﻦ 
 ﻓﻜﺎﻧﺖ ﺿﻌﻔﻲ ﻣﺴﺘﻮﻳﺎﺗﻬﻤﺎ ﺑﺎﻟﻨﺴﺒﺔ اﻟﻜﻠﻲ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻸﺑﻘﺎر اﻟﺘﻲ ﻇﻬﺮت ﻋﻠﻴﻬﺎ ﻋﻼﻣﺎت اﻟﻤﺮض
  . ﻟﻸﺑﻘﺎر اﻟﺘﻲ ﻟﻢ ﺗﻈﻬﺮ ﻋﻠﻴﻬﺎ ﻋﻼﻣﺎت اﻟﻤﺮض
ﺻﻮﺣﺒﺖ %( 90.9) ﻣﻊ وﺟﻮد ﺣﺎﻟﺔ واﺣﺪة% 33.5آﺎن ﻣﻌﺪل ﺣﺪوث ﻣﺮض ﺣﻤﻲ اﻟﻠﺒﻦ 
أﻣﺎ ﻣﻌﺪل ﺣﺪوث ﻣﺮض اﻟﻜﻴﺘﻮزز . وأﺧﺮي ﻧﻔﻘﺖ ﻣﻦ ﺟﺮاء اﻟﻤﺮض، ﺑﻤﺮض ﻧﻘﺺ ﻓﺴﻔﻮر اﻟﺪم
  %.79.0ﻓﻘﺪ آﺎن 
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Introduction 
  
Milk production and reproductive performance are major factors 
affecting profitability of dairy herds. In-adequate herd reproductive 
performance, manifested in prolonged calving intervals, increased forced 
culling, or both, can result in less milk and fewer calves per cow per year 
and therefore increased replacement cost, and, ultimately, lower net 
returns. Maintaining a healthy herd is a constant challenge to today's 
dairy producers and hence currently, dairy herds programms are called 
“Production Medicine”. Each year an average of 20-25% of dairy cows 
are culled due to poor reproductive performance or other health problems.  
Metabolic diseases or production diseases are the major diseases 
threatened the profitability of a dairy herd. The diseases mainly affect 
highly producing dairy cows usually during perinatal period and at the 
beginning of lactation and associated with infertility (Payne, J. M., Dew, 
S. M. Mansto, R., and Faulks, M., 1970). So that dairy cows should be 
managed during the dry period as they loose body weight during the early 
stage of lactation. Milk production generally peaks at 6-8 weeks 
postpartum, while intake peaks 10-12 weeks. This lag in feed intake 
causes the cow to be in negative energy balance, resulting in loss of body 
weight condition of greater than three-fourths to one condition score. 
Excessive negative energy balance, as a result of poor feed intake in early 
lactation, due to in-appetance, resulting in poor milk production, 
decreased reproductive performance and occurrence of metabolic diseases 
as milk secretion in dairy cows has a high metabolic priority and is 
clearly maintained at the cost of reproductive and other metabolic 
processes 
 During the 1970's, metabolic profiles testing or blood profiling 
received considerable interest as a diagnostic tool. It was assumed that 
metabolic profiles reflected either dietary inadequacies or disease state 
(Payne et al., 1970). Many researchers reported the relationships between 
diet and serum glucose, cholesterol, calcium, phosphorus, magnesium, 
urea, total protein and its fractions (Adams, R. S., Stout, W. L., Kradl, D. 
C., Guss, S. B., Moser, B. L. and Jung, G. A., 1987, Jones G. M., 
Wildman, E. E., Troutt, H. F., Jr., Lesch, T. N., Wagner, P. E., Boman, R. 
L. and Lanning, N. M., 1982). In addition to diet, many researchers 
reported that metabolic profiles were affected by season, age of animal, 
stage of lactation and milk yield (Payne et al., 1970, Payne, J. M., 
Rowlands, G., J., Manston, R. and Dew, S. M., 1973). 
The relationships between blood metabolites and the reproductive 
performance of dairy cows are well reviewed (Jordan, E. R. and Swanson, 
L. V., 1979, Borsbery, S. and Dobson, H., 1989, DeKruif, A. and Mijten, 
P., 1992). But, in the Sudan, very few studies had been focused to 
establish metabolic profiles for dairy cows  (Awad, A. O. 1997).        
 Parturient paresis (Milk fever or parturient hypocalcaemia) is a 
hypocalcaemic disorder of multi-parous dairy cows that is characterized 
by muscular weakness, hypocalcaemia and un-consciousness (Payne, J. 
M., 1967). The disease occurs in all countries and it was recorded as one 
of the most important disease of dairy cows ( Kelton, D. F., Lissemone, 
K. D. and Martin, R. E., 1998). Rajala, P. J. and Grohn, Y. T (1998) 
reported that milk fever is among the most important five diseases with 
an incidence rate of 5.4%. The effects of the disease on productive and 
reproductive performances were reported (Jonsson, N. N., Daniel, R. C., 
Mayer, D. and Verrall, R., 1998, Grohn, Y. T., Eidk, S. W., Ducrocq, V. 
and Hertl, J. A., 1989). In Sudan, the disease has not yet been studied. 
 Bovine ketosis is a metabolic disease of highly producing 
multiparous dairy cows, characterized by hypoglycaemia, ketonaemia and 
ketoneuria (Mills, S. E., Beitz, D.C. and Young, J. W. 1986). The disease 
is prevalent in all countries and it is one of the major causes of 
economical losses (Grown et al., 1989). Also the disease has been 
reported as a cause of milk yield losses and impaired fertility prior to and 
at treatment (Grown et al., 1989). In Sudan, bovine ketosis had not yet 
been studied. 
 
 
 
The objectives of this study are: 
1. To establish a metabolic profile test for crossbred dairy cows in 
different herds based on determination of blood levels of glucose, 
cholesterol, calcium, phosphorus, magnesium, urea and total 
protein. 
2. To study the effects of seasons and stages of lactation on blood 
levels of the above mentioned blood metabolites. 
3. To determine the reproductive performance of cross bred dairy 
cows in Sudan. 
4. To find the relationships between blood levels of, glucose, 
cholesterol, calcium, phosphorus, magnesium, urea and total 
protein, during the early postpartum period and the reproductive 
performance of crossbred dairy cows in Sudan. 
5. To use metabolic profiles tests during the dry period as a tool to 
predict the occurrence of milk fever and bovine ketosis.  
6. To survey and report the incidence rates of milk fever and bovine 
ketosis among crossbred dairy cows in Khartoum State and to 
study their clinical and biochemical pictures before and after 
treatment. 
 
Chapter One 
1. Literature Review 
 
1.1. The Diary Breeds of the Sudan: 
Animal population in the Sudan was estimated to be 54.5x106 
according to FAO 1989 census (Winrok International, 1992). The 
cattle represented 22.5x106 of the animal population in the Sudan. 
Among this cattle population, there are two important breeds of dairy 
production, Kenena and Butana, which show a considerable milk 
potentialities, but they are relatively few in numbers (2.3 and 5.0x106 
head of Butana and Kenana respectively) as compared to the other 
ecotypes cattle in the country. Recently, the demands for liquid milk 
has increased with the rise in human population, therefore, 
improvement in reproductivity have been attempted in the tropical 
countries with limited results due to many constraints such as in-
sufficient feed, endemic diseases, poor farming system and poor 
genotypes which, the later, imposes limits on the productivity of 
tropical breeds that is being achieved in the temperate zones. 
Similarly, the poor genotypes have also hindered the adoption of the 
new innovations and technologies for improved productivity. The 
indigenous stocks of dairy cattle often lack the genetic capability to 
achieve the milk production potential of their production 
environments. The local breeds were improved by introduction of 
artificial insemination in 1976, which played an important role in 
alleviating the crises of milk production in Khartoum State through the 
cross breeding between Kenena and Butana cows using imported 
Friesian semen.  
1.1.1.The Productive Performance of Dairy Cows in Sudan: 
1.1.1.1. The Milk Yield of Dairy Cows in Sudan: 
 Alim, K. A. (1962) studied the production records of Butana cows 
at Atbara and he found an average of milk yield of  3129 + 1709 pounds 
in 253 days. The author stated that month of calving and age of cows in 
lactation showed no difference in milk yield, and milk yield showed only 
slight increase after the first lactation. However, Osman, A. H. and El-
Amin, F. M. (1971) estimated the mean 305-day milk yield of Northern 
Sudan Zebu cattle as 2088 kg, while Osman, A. H.  (1972) reported 3.58 
liters as mean daily yield of Sudanese indigenous cows at Ghazala 
Gawazat Station. The Author found that the lactation number had a 
significant effect on milk production. 
1.1.1.2. The Lactation Length:   
 This refers to the time spent to produce a quantity of milk. The 
standard unit of measuring the lactation length has been taken as 305 
days, which corresponds with the reproductive cycle of a cow.  
Alim, K. A. (1960) revealed that the mean lactation length of Kenana, 
cattle of Sudan in wad Medani was 224 + 85 days. However, Alim (1962) 
in another experiment estimated the mean lactation length of Butana 
cattle in Atbara as 253 + 103 days. Osman and El-Amin (1971) reported 
mean lactation length of Northern Sudan zebu cattle at the University of 
Khartoum Dairy Farm as 294 days. Osman (1972) stated that the mean 
lactation length of Sudanese cattle at Ghazala Gawazat station was 272.05 
+ 4.28 days. 
1.1.1.3. Dry Period: 
 The term refers to the period of off-milk. Smith, V. R. (1959) 
stated that dry period is necessary in order to accomplish one or more of 
the following:  
i. To replenish the body with nutrients those which depleted 
during lactation. 
ii. To repair and regenerate the alveolar system. 
iii. To gain new stimulation for lactation as the result of parturition. 
The length of the dry period cannot be entirely dissociated from the 
interval between lactations because there is usually a positive correlation 
between the lengths of one and that of the other. Alim (1960) obtained 
mean dry period for Kenana cows at Gezera Research Station to be 164 + 
94 days. In another research, Alim (1962) showed mean dry period of 
Butana cows at Atbara to be 159 + 104 days. The author indicated that 
the shorter the dry period, the higher the milk produced. However, 
Marples, M. J. S. and Trail, J. C. M. (1967) investigated the commercial 
herd of exotic breeds and they obtained mean dry period of 74.6 for 
Friesian and 70.8 for Guernsey in Uganda. Osman and El- Amin (1971) 
reported 114 days as mean dry period of Northern Sudan Zebu. Sharma, 
J. M., Dhingra, M. M. and Gurung, B. S. (1982) found the overall mean 
dry period of Sahiwal X Friesian cows to be 114.66 ± 5.87 days. El-
Barbary, A. S. A., Al-Hakim, M. K. and Shalie, A. A. A (1983) found 
that the mean dry period of Friesian cows in Iraq was 95.84 ± 70 days, 
and the trait was found to affect the milk yield. 
1. 1.2. The Reproductive Performance of Dairy Cows:  
1.1.2.1. The Duration of Postpartum Period: 
 The postpartum period or the postpartum anoestrus denotes the 
length of the period between calving and the first observed estrus. Hillers, 
J. K., Senger, P. L., Parlington, R. L. and Fleming, W. N. (1984) 
observed that cows with higher production during the current or previous 
lactation had longer postpartum period, but the previous day dry did not 
affect this trait significantly. Magda, A. S. E. (2002) reported 62.90 
±22.17 days as an average of postpartum period of dairy cows at 
Khartoum University Dairy Farms.    
 
 
1.1.2.2. Number of Services Per Conception (NSPC): 
 This is one of the breeding efficiency measurements. The term is 
defined as the total numbers of services given to a group of cows over a 
defined period divided by the number of services which result in a 
diagnosed pregnancy not less than 24 days after service, with services to 
culled cows should be included (Esslemont, R. J., Bailie, J. H. and 
Cooper, M. J. 1985). El-Amin, F. M. (1969) reported 1.5 + 1.03 as mean 
NSPC for Sudanese dairy cattle at Khartoum University Dairy Farm. 
However, Magda, (2002) reported 4.45 + 1.80 as NSPC at the same dairy 
farm. But Osman (1972) obtained 1.25 as mean NSPC for Sudanese cows 
at Ghazala Gawazat Station. Younis, A. A., Aboul-Naga, A., Kotby, S. 
and Salman, A. A. (1976) reported a mean NSPC of Friesian cattle under 
Kuwait conditions as 2.23 + o.32.  
1.1.2.3. Open Period: 
 The open period or the service period is a trait denoting the time 
from calving to the next fertile service. Bahatangar, D. S., Taneja, V. K. 
and Basu, S. R. (1982) obtained 139 + 6.8 days as mean open period for 
Tharaparkar cattle in India. They also suggested that the period of calving 
affected the open period significantly, while month of calving and dam's 
parity did not. However, the age at first calving had significantly affected 
the trait. Osman (1972) estimated the mean open period of Sudanese 
indigenous cattle as 153.3 days and he reported that lactation number, 
season and year of calving had significant effects on the open period. 
Magda (2002) found an overall open period of crossbred dairy cows at 
Khartoum University Dairy Farms as 158.69 ±85.12 days.  
1.1.2.4. The Calving Interval: 
 The calving interval is the period between two consecutive 
calvings. Regular calving at a year interval is known to be economical in 
terms of production and breeding efficiency. Investigation of zebu cattle 
breeds revealed greater calving interval period than European breeds. In 
the Sudan, Osman (1972) obtained a higher interval calving of 447.0 + 65 
days for Sudanese cattle raised under range conditions at Ghazala 
Gawazat station. Sid -Ahmed, S. E. (1986) obtained mean first calving 
interval for Sudanese indigenous breeds X European breed to be 481.82 + 
5.94 days, with a significant effect of the season of the first calving. 
Several researchers concluded that the level of European blood decreases 
the calving interval period (Marchot, P., Smith, G. A. and Moen, P. A., 
1982). In Sudan, the calving interval of Nilotic and grade Friesian cows 
was estimated to be 342, 355, 331, 345, and 391 days for imported cows 
with > 50% Friesian inheritance, home-bred cows with < 50% Friesian 
inheritance, home-bred cows with > 50% zebu inheritance, Friesian x 
Nilotic and Nilotic cows respectively. But on the other hand some groups 
of authors found no significant effect of the level of exotic blood on 
calving interval (Madalena, F. E., Lamos, A. M. Teodora, R. L. and 
Barbosa, R. T. (1983). Costa, C. N., Milagres, J. C., Castro, A. C. G. and 
Garcia, J. A. (1982) estimated mean calving interval for Holstein Friesian 
in Brazil as 406.5 + 4.2 days with significant effect of year on the trait but 
not the parity number.                          
1.2. Metabolic Profile tests: 
1.2.1. Definition: 
 Metabolic profile is defined as a series of specific analytical tests 
run in combination and used as a diagnostic aids (Payne et al., 1970). The 
test has been used earlier in human medicine to asses the nutritional 
health status of populations and as a routine screening test for patients 
admitted to hospitals (Williams, G. Z., Young, D. S., Stein, M. R. and 
Cotlove, E. (1970). However, Payne et al. (1970) In the late 60s gave 
considerable interest in monitoring the metabolic status in animal herds, 
in order to assess the adequacy of dietary intake for production and to 
help to diagnose the nature of existing metabolic problems. In this 
approach, The Compton metabolic profile has traditionally been used 
(Payne et al., 1973). The original intent of the Compton metabolic profile 
test was to monitor metabolic health of the herd, to help diagnose the 
metabolic problems and production diseases and to identify metabolically 
superior cow (Payne et al., 1970, Payne et al., 1973 and Rowlands, G. J. 
and Pocock, R. M., 1971).  
 
1.2.2. Uses of Metabolic profile Test: 
 The aim of the metabolic profile test is to stop a situation arising, 
which is harmful in terms of production, economics or health status. This 
could be achieved by identifying and investigating developing situations 
before they have had the chance to cause measurable changes in 
productivity and so preventive action can be taken to stop or minimize 
deleterious effects (Lee. A. I., Twards, A. R., Bubar, R. H., Hall, G. E. 
and Davis, C. L., 1978). Khanmas, T., J. H. and Broarbent, P. J. (1990) 
used the metabolic profile test as a routine analysis for prediction of 
metabolic diseases before the appearance of their clinical signs, so that 
metabolic profile test can act as a monitor for detecting any abnormality 
which may affect herd health, production and reproductive performance. 
Also metabolic profile test is a good and quick test for testing the 
adequacy of diet in terms of energy, proteins and minerals (Paletier, G., 
Tremblay, A. V. and Helie, P., 1985). However, DeKruif, A. and Mijten, 
P. (1992) stated that metabolic profile tests could be of limited value in 
diagnosing fertility problems in dairy herds. The data could easily be 
interpreted, because profile results for groups of animals within a herd 
have advantage from statistical point of view (Payne et al., 1973). There 
are number of factors which limit the usefulness of blood profiles in their 
problem situation or routine dairy management, sampling problem, low 
correlation with nutrient intake and in-consistent pattern of diseases 
(Steven, J. B., 1975).  
1.2.3. Methods of Metabolic Profile Tests: 
 To achieve the aims and benefits of metabolic profile tests, there 
are many points to be taken into account when carrying out theses tests: 
i. Correct Blood test timing: 
Because of the biochemical variations associated with feeding, it is 
essential to allow a suitable time to elapse before blood sampling. One 
to two hours after a supplementary concentrate feed is quite enough, 
but with forages, the delay in sampling is less important. In case of 
dietary change, samples should be taken 2 weeks after the dietary 
change to permit the rumin to develop to its maximum efficiency of 
digestion. If the cows are kept for long periods without access to 
forages and then fed forages, in this case, blood sampling should be 
carried out after  
1-2 hours.  
ii. Correct cow selection: 
Correction of the selection of the right cows for testing is a vital area. 
Failure to do this can lead to discovery of optimum biochemical 
values in a herd with nutritional problems. The most important group 
of cows to be tested are those in early lactation because it is the most 
important nutritional phase and the most likely to show biochemical 
variations. Tests carried closer to calving (before 10 days) may reflect 
the disturbance of calving rather than nutrition. If tested later (20 days 
post calving) the process of adaptation may be underway and a 
significant nutritional constraint will be missed. This group should be 
compared with a group well into lactation (100 days or more post-
calving), which should be in energy balance. By this mean it is 
possible to judge if abnormal measurements relate to metabolic effects 
rather than to dietary adequacy. If only cows in early lactation have 
abnormal results and cows of similar performance in mid-lactation 
have not, then the adequacy of the diet is questionable. If all those in 
early and mid-lactation have abnormal results, then metabolic 
influence is likely to be existed. Group of dry cows should also be 
tested as many productivity problems have their origin in the dry 
period. The best time of sampling of dry cows is within the last week 
or so of pregnancy. It is useful to compare this group with a group 
with a month or more to go to calving. Using background information 
in interpretation of the results is essential to decide if the results are 
optimum or abnormal for the specific case under study, fore example, 
cow with different milk yields, those receiving supplementary feed 
and early lactation versus mid-lactation. To achieve this, it is needed 
to accompany blood samples with records of cow identity fore 
example calving date, milk yield and body weight. 
1.2.4. Factors Affecting Metabolic Profiles of Dairy Cows: 
 Blood chemistry in animals varies according to many factors. In 
Dairy cows, concentrations of blood constituents can vary with stage 
of lactation (Lee et al., 1978), milk yield (Payne, J. M., Rowlands, G. 
J., Manston, R., Dew, S. M. and Parker, W. H., 1974), Season of year 
(Lee, et al., 1978), dietary system (Treacher, R. J., Little, W., Collis, 
K. A. and Stark, A. J., 1976), age (Peterson, R.G. and Waldern, D. E., 
1981) and breed (Shafer, L., Rossel, G. D. and Koonce, K. L., 1981).  
1.2.5. Blood Metabolites of Diary Cows: 
1.2.5.1. Blood Glucose: 
 Glucose is the sugar normally found in the body, and stored in the 
form of its polymer glycogen In ruminants, blood glucose is derived 
principally from gluconeogenesis of amino acids, propionate, and 
lactic acid and to a lesser extent butyric acid (Hietman, R. N., Hoover, 
W. H. and Sniffen, C.J., 1973). The liver and to a lesser extent the 
kidneys are the only endogenous sources of blood glucose. There are 
little published informations on the blood glucose concentrations of 
dairy cows and therefore little informations are available on which to 
base estimates of the occurrence of hypoglycaemia. McClure, T. J. and 
Payne J. M. (1978) reported that dairy herd in Australia have a wide 
ranges of blood glucose concentrations which ranged between  
33.2-53.1 mg/dl. Rowlands, G. J., Monston, R., Pocock, R. M. and 
Dew, S. M. (1975) defined the normal mean-glucose concentration in 
British dairy herds as ranging from 36.5-53.5 mg/dl. The authors 
added that herds with mean blood glucose concentrations bellow 36.5 
mg/dl are considered to be hypoglycaemic. Kappel, L. C., Ingraham, 
R. H., Morgan, E. B. and Babcock, D. K. (1984) reported an average 
of plasma glucose for Holstein dairy cows as 62 + 8 mg/dl and they 
assumed it as a normal range. However, Blood, D.C., Radistits, O. M. 
and Henderson, J. (1986) reported a mean glucose concentration of 50 
mg/dl as the normal. First lactation heifers have higher blood glucose 
concentrations than cows in their second or later lactation (Kappel, et 
al., 1984). Lee et al. (1978) reported that glucose concentration 
significantly increased with increased milk yield. Kida, K. (2002) 
recorded the effect of stage of lactation on glucose levels of dairy 
cows. The authors added that there was a marked decrease in plasma 
glucose during the early lactation and the dry period. In Sudanese 
cross-bred dairy cows, Osman (1997) noted that glucose level of dairy 
cows was slightly affected by the stage of lactation which tend to 
increase with early lactation. 
 
 
 
1.2.5.1.1. Effects of Glucose Levels on Reproductive Performance 
of Diary Cows: 
 Many authors reported the relationship between plasma glucose 
and reproductive performance of dairy cows (Jones, G. M., Wildman, 
E. E., Troutt, H. F. Jr., Lesch, T. N., Wagner, P. E., Boman, R. L. and 
Lanning, N. M., 1982 and Plum, F. K., Anderson, L. and Pehrson, B. 
1991). Peterson, R.G. and Waldern, D. E. (1981) found that the 
conception rate was significantly higher among dairy cows with high 
plasma glucose concentration. However, Jones et al., (1982) 
established metabolic profiles for dairy cows in Virginia and they 
found that the metabolic profile of fertility problems in dairy cows 
remained within the normal ranges. Similar findings were reported by 
Plum et al. (1991). McClure and Payne (1978) recorded that the first 
service non-return rates of dairy cows were positively related to the 
mean glucose levels. 
1.2.5.2. Plasma Proteins: 
 Plasma proteins are divided into three types according to their 
molecular mass, albumins, globulins and fibrinogens. Most plasma 
proteins are synthesized in the liver; however, γ globulins are 
synthesized in plasma cells (Murray, R. K., Grammer, D. K., Mayes, 
P. A. and Rodwell, V. W., 1999). Plasma proteins regulate osmotic 
pressure, which is very important in distributing fluids between blood 
and tissues (Swenson, M. J., 1993). Plasma proteins are also involved 
in the formation of anti-bodies and play a vital role in the body 
defense mechanism (Sukkar, M. Y., El Munshid, A. H. and Aradawi, 
M. S. M., 1993). The level of dietary protein intake influences plasma 
proteins. Miettinen, H. and Huhtatnen, P.  (1989) found an increase in 
serum total protein and albumin while increasing level of concentrate 
fed to the animals. Considerable variations in total protein, albumin 
and globulins are significantly higher during wet summer and many 
other factors affect the level of plasma total protein including age, 
stage of lactation, physiological state of the animal and many diseases. 
1.2.5.2.1. Effects of Plasma Proteins Levels on Reproductive 
Performance of Dairy Cows:  
 Jordan, E. R. and Swanson, L. V (1979) reported that feeding 
excess protein (19.3% crude protein dry matter) to dairy cows 
impaired fertility by increasing days open and services per conception 
and consequently increasing calving interval as compared to lower 
percents of dietary protein (12.7% crude protein dry matter). Similar 
declines of dairy cows fertility as protein was increased had been 
reported (Drori, D. and Folman, Y., 1971, Edwards, J. S., Bartley, E.E. 
and Dayton, A. D., 1980). Reduced fertility with increased dietary 
intake of crude protein may be indicative of clinical syndrome in 
which products of protein metabolism alter uterine environment or 
function of reproductive organs. Ion compositions (Ca, Mg, P, K, and 
Zn) of secretion of reproductive tract, which may be altered by protein 
or nitrogen contents of the diet, affect viability of sperm, ova and 
zygotes via its effect on cell metabolism (Hurely, L. S., Cosens, G. 
and Theriault, L.L., 1976). To assess protein status of dairy cows, a 
combination of parameters need to be utilized, including 
determination of packed cell volume, blood urea nitrogen, total 
protein, albumin, creatinine and creatine kinase enzyme. Total protein 
and albumin reflect availability of protein and their concentration 
decline in case of protein deficiency. Creatine kinase released from 
muscle when it is catabolized or injured. 
1.2.5.3. Blood urea Nitrogen: 
 Urea is the most important product of nitrogen metabolism in 
ruminants, because of its usage by the microbial ecosystem in the 
rumen as precursor for protein biosynthesis (Harmeyer, J. and 
Martens, H., 1980). Blood urea nitrogen was used as an index to 
predict nitrogen utilization and the nutritional value of protein. As a 
result, of protein degradation in the rumen by microorganism, 
ammonia was produced and converted into urea in the liver (Cizuk, P., 
1973). Urea is degraded to ammonia and Co2 by the urease activity. 
Ammonia may be reabsorbed and converted to urea in the liver, thus 
recycling occur. Blood urea nitrogen concentrations are influenced by 
a wide variety of interrelated parameters including dietary protein 
intake relative to requirements. Blood urea nitrogen will be low 
(<10mg/dl) in the early dry cows, but closed-up dry cows will have 
low to moderate blood urea Nitrogen. Fresh cows have low blood urea 
Nitrogen.  
1.2.5.3.1. Effects of Blood Urea Nitrogen on Reproductive 
Performance of Dairy Cows: 
 Several reports suggested that increased blood urea Nitrogen levels 
would cause increase level of urea / ammonia in reproductive tract 
secretions. These nitrogen compounds could result in decreased 
viability of the sperm cells, ovulated egg and the embryo itself (Bell, 
A.W., Slepetio, R. and Ehrhardt, R. A., 1995). Decreased fertility 
would result in increased services per conception and days open. 
Increased urea or total protein results in a more negative energy 
balance, which results in energy deficiency and impaired fertility 
(Butler, W. R., Everett, R. W. and Coppock, C. E., 1981).  
1.2.5.4. Liver Functions metabolites:  
  Measuring cholesterol in conjunction with bilirubin, ketone bodies 
non-esterified fatty acids and a variety of enzymes (gamma-glutamyl 
transferase, aspartate amino transferase and sorbitol phosphokinase) is 
an indicator of liver health. High non-esterified fatty acids result in 
either elevated ketone bodies or fat production by the liver. Fat in the 
liver has two form potential options, remain in the liver cells and 
initiate hepatic lipidosis (Fatty liver) or be transported out of the liver. 
In order of the fat to be transported out of the liver, protein is required 
as a transport carrier, so that fat is transported in blood in compound 
termed very density lipoprotein. Associated with fat in the very low-
density lipoprotein structure is a substantial amount of cholesterol 
(Holtenius, P. and Hjont, M., 1990). Total serum cholesterol indirectly 
measures the presence of very low-density lipoprotein in blood and 
consequently measures the liver's ability to produce very low-density 
lipoprotein. If very low-density lipoprotein production is 
compromised, hepatic fatty infiltration will ensue (Ghergariu, S., 
Rowlands, G. L. and Pop, A, 1984).  
1.2.5.4.1. Effects of Liver Function metabolites on Reproductive 
Performance of Dairy Cows: 
 Miettinien (1990) reported that cows with higher levels of ketone 
bodies (acetoacetate and beta hydroxy butyrate) had increased days to 
first service, decreased pregnancy rate at first services and as a result 
longer days open with higher services per conception. Similar findings 
had reported by Mayne, C. S., McCoy, M. A., Lennox, S. D., Mackey, 
D. D., Verner, M., Cateney, D. C., McCaughey, W. J., Wylie, A. R., 
Kennedy, B. W. and Gordon, F. J. (2002). However, Plum, F. K., 
Anderson, L. and Pehrson, B. (1991) found that pregnancy rate was 
not significantly related to serum or milk ketones. Kida (2002) 
reported that low cholesterol values correctly diagnose malnutrition as 
the cause of peri-parturient diseases. McClure et al. (1978) observed 
that the first service non-return rates of dairy herds were positively 
related to the mean blood-cholesterol. The same findings had been 
reported by Rowlands et al. (1977). 
1.2.5.5. Macrominerals:  
 Macrominerals include calcium, phosphorus, magnesium, sodium, 
potassium, chloride and sulfur. They are of extreme interest as to their 
status relative to their role in milk fever, cow downer syndrome and 
weak cow syndrome. Most of these elements are regulated in the body 
through a variety of homeostatic processes. Blood concentrations of 
macrominerals are not reflective of dietary status when the 
homeostatic system is functioning properly. Phosphorus, potassium, 
magnesium and sulfur are macrominerals in which blood 
concentrations are somewhat sensitive to dietary intake (Saba, l., 
Bialkowski, Z., Janecki, T. and Junkuszew, W., 1987). Sodium and 
chloride concentrations are altered when renal or digestive functions 
are compromised or in extreme dietary deficiency states. Assessment 
of calcium concentrations around the time of calving is a useful 
indicator of how well the calcium regulatory system is working and 
potential for clinical or sub-clinical hypocalcaemia. The concentration 
of calcium and in-organic phosphorus reach a bottom limit of 
normative values in dried-off cows and immediately after delivery, 
which result in moderate hypocalcaemia and hypophosphotaemia 
(Mayer and Harvey, 1998). Hypomagnesaemia in lactating dairy cows 
is directly related to the risk of post-natal paralysis (Horst, R. L., Goff, 
J. P., Reinhardt, T. A. and Boxton, D. R., 1997). A number of factors, 
most notably physiologic state, age, state of lactation and season of 
year have been shown to influence blood macrominerals 
concentrations. 
1.2.5.5.1. Effects of Macrominerals on Reproductive Performance of 
Dairy Cows:  
 There is a widely held view relating poor reproductive performance 
in dairy cattle with reduced macrominerals intake. Decreased calf crop 
and extended periods of anestrus are often accompanied by clinical 
symptoms of calcium and phosphorus deficiency. Johns, J. C., 
Witlock, R. H. and Sweeney, R. W. (2004) studied the effect of 
hypokalaemia on reproductive performance of dairy cows. The 
authors suggested that hypocalcaemia could reduce fertility of dairy 
cows due to in-appetence and prolonged recumbency.  
1.2.5.6. Microminerals: 
 Microminerals or trace elements include zinc, copper, cobalt, 
manganese, selenium and ion. They play important roles in many 
biochemical reactions in the body. These trace elements should be 
balanced to meet but not exceed the recommended levels.  
1.2.5.6.1. Effects of Microminerals on Reproductive Performance of 
Dairy Cows:   
In studies conducted in North America, Julien, W. E., Conrad, H. 
R. and Moxon, A. L. (1976) reported an increase incidence of retained 
placenta in areas where dairy herds are fed selenium deficient rations. 
Many researchers have emphasized the importance of  prepartum 
selenium treatment on reproductive performance of dairy cows 
(Larson, L. L., Marbuck, H. S. and Lowry, S. R., 1980), whereas few 
investigators have evaluated selenium status of dairy cows and related 
it to subsequent reproductive performance (Schingoethe, D. G., 
Parsons, J. G., Ludens, F. C., Tucker, W. L. and Shave, H. J. (1978). 
Zinc has been reported as a micromineral associated with enhancing 
reproductive performance because zinc supports tissue healing and 
restructuring which may be important in post-partum uterine healing 
and it is also a component of enzyme systems that could influence 
hormonal profiles during pregnancy (Miettinen et al., 1990). Copper 
and zinc deficiencies were reported as causes of delayed puberty in 
Sudanese Heifers (Ahmed, M. M., Fadlala, I. M. and Bari, M. E., 
2002).   
 
1.3. Metabolic Diseases of Dairy Cows: 
 1.3.1. Milk Fever: 
1.3.1.1. Definition: 
 Parturient paresis (Milk fever or parturient hypocalcaemia) is a 
hypocalcaemic disorder of multi-parous dairy cows that characterized by 
muscular weakness, hypocalcaemia and un-consciousness (Payne, 1967). 
The name milk fever is a miss-name because symptoms of the disease do 
not include a fever at all, but affected cows have a sub-normal body 
temperature rather than an elevated one (Fenwick, D. C., 1969). 
1.3.1.2. Etiology: 
 About 80% of the cases occur within one day of calving because 
milk and colostrum production drain calcium from the blood, and some 
cows are un-able to replace the calcium quickly enough, so that the 
depression of the levels of ionized calcium in tissue fluids is the main 
biochemical defect in the disease Milk Fever (Hove, H., Ostergaard, S., 
Thilsing-hansen, T., Gorgensen, R. J., Larsen, T., Sorensen, J. T, Agger, 
J. F. and Blom, J. Y., 2001).  
Although total serum calcium levels are used to express the animal 
status with regard to calcium, it is possible that differences between the 
ionized and non-ionized  calcium may be more important than the total 
calcium level. (Kvart, C., Bjorsell, K. A. and Larsson, L., 1982). Studies 
on cows with milk fever indicated that both total and ionized serum 
calcium levels are proportionately depressed.The levels of serum calcium 
fall, with different degrees, in all cows at calving due to onset of lactation 
and this will stimulate the compensatory hypercalcaemia. The delay of 
this compensatory mechanism is considered as a vital cause of milk fever. 
The loss of calcium in the colostrum may be beyond the capacity of 
absorption from the intestines and mobilization from the bones to 
compensate the loss. Also there is an evidence of impairment of calcium 
absorption from intestines at parturition. Milk fever occurring during the 
peri-partum period had been suggested to be caused by the fatty liver, 
which develops during the non-lactating stage, because diseased cows 
have increased serum concentration of non-esterified fatty acids (NEFA) 
and show hepatic lipidosis (Oikawa, S., Katoh, N., 2002). Feeding during 
the dry period leads to over condition at calving and to depression of 
appetite after calving, consequently, at calving over, conditioned high-
producing dairy cows inevitably go into a more sever negative energy 
balance (NEB) post-partum than cows that have a normal appetite. 
During this period of NEB the energy requirements of the cow are 
satisfied by lipolysis and proteolysis, the former one results in an 
increased concentration of NEFA in the blood which, induced 
biochemical, endocrinological and metabolic pathways that are 
responsible for occurrence of milk fever (Pukkwamsuk, T.,`` Kruip, T. A. 
and Wensing, T. 1999). It has been shown that sub-clinical 
hypomagnesaemia reduces the ability of cows to mobilize calcium in 
response to hypocalcaemia, a response that is essential if cows are to 
avoid milk fever (Sansom, B. F., Manston, R. and Vagg, M. J., 1983, Van 
de Braak, A. E., Van't Klooster, A. T. and Malestein, A., 1987).  
The role of parathyroid hormone and its effect on calcium 
homeostasis and the incidence of milk fever were comprehensively 
reviewed (Goff, J. P., Kehrli, M. E. Jr. and Horst, R. L., 1989  and Riond, 
J. L., Kocabagli, N., Cloux, F. and Wanner, M.,1996). Parathyroid 
hormone increases both the intestinal calcium absorption and bone 
calcium resoption by increasing the plasma concentration of 1,25-
dihydroxyvitamin D and hydroxyproline. However, Hollis, B.W., Draper, 
H. H., Buntom, J. H. and Etches, R. J. (1981) recorded that failure of the 
paretic cows to bone resorption is not associated with an in-ability to 
synthesize the calcium - mobilizing hormone, parathyroid, or 1, 25-
dihydroxyvitamin D or to regulate the production of calcitonin, but milk 
fever in the affected cows is associated with significantly higher plasma 
level of estrogen, a known inhibitor of bone resorption, in the immediate 
pre-partum period so that bone resorption is ensued in the paretic cows. 
Similar findings had been reported by Goff, J. P. Rienhardt, T. A. and 
Horst, R. L. (1989). The authors reported that secretion of parathyroid 
hormone and production of 1, 25-hydroxyvitamin D is similar in most 
cows with or without milk fever, so that the logical cause of milk fever 
may be a failure of tissues to respond to calcium regulating hormones. 
The authors added that tissue 1,25-dihydroxyvitamin D receptors 
concentrations decline with age, leaving the tissues less able to respond to 
1,25-dihydroxyvitamin D, in addition to that tissue 1,25-
dihydroxyvitamin D receptor concentrations increase during pregnancy 
and lactation in cows, but intestinal 1, 25-dihydroxyvitamin D receptor 
numbers decrease precipitously at parturition, which may be, in part, be 
responsible for the development of milk fever. Hove, K. (1986) proposed 
that variation in intestinal calcium absorption induced by 1, 25-
dihydroxyvitamin D3 is the primary cause of the cyclic changes in post-
partum plasma calcium of the aged dairy cows. Sechen, S. J. Bremel, R. 
D. and Jorgensen, N. A. (1988) suggested that estradiol concentrations in  
late pregnancy inhibit bone resorption and predispose aged dairy cows to 
parturient paresis. Cortisol displays no activity in initiating an onset of 
milk fever (Horst, R. L. and Jorgensen, N. A. 1982). 
1.3.1.3. Epidemiology: 
 Milk fever occurs in all countries and it recorded as one of the most 
important disease of dairy cows (Kelton et al., 1998). Nearly all dairy 
cows experience some hypocalcaemia after calving (Ramberge, C. F., 
Johnson, E. K., Fargo, R. D. and Kronfeld, D. S., 1984, and Goff, et al., 
1989a). Most of milk fever cases occur in the few days of pregnancy and 
during parturition, but rare once occur several weeks before calving. The 
great majority of cases occur within the first 48 hours post-calving and 
the danger period extends up to about the 10th day post-partum. Up to 
20% of cases can occur subsequently to the 8th day after calving. 
Occasional cases occur 6-8 weeks after the onset of lactation. Such cases 
are most often recurrences of the disease in highly susceptible cows, 
which were affected at calving (Blood et al., 1986). Hess, A. (1969) 
reported two cases of non-parturient paresis during estrus due to 
depression of appetite and elevation of estrogen level. Starvation for 48 
hours also causes severe depression of serum calcium levels. The disease 
is most likely to affect dairy cows, but pregnant sheep and goats are 
affected less frequently (Oetzel, G. R., 1988). Older dairy cows and those 
with a history of parturient paresis during a previous lactation and high-
producing once are at the highest risk for developing the disease. Heifers 
are rarely affected. Some individual cow families or breeds like Jerseys 
and Guernsey breeds are more susceptible to milk fever (Jonsson, G. and 
Pehrson, B., 1971). The documentation of cow characteristics, nutrition, 
environment and management as risk factors are described. Among cow 
characteristics, Parity, body condition and production level were found to 
be important risk factor. Environment and management include season, 
climate, housing, pasturing, dry period and pre-partum milking. Firm 
conclusion on the importance of the environment and management is 
difficult because they confounded among each other (Hove et al., 2001).  
Several studies have been carried out revealing an incidence of milk fever 
of most often 5-10% (Hove et al., 2001). Rajala, P. J. and Grohn, Y. T. 
(1998) studied the incidence of the most common diseases among 3927 
Finnish Ayrshire dairy cows. The authors reported that milk fever is 
among the most important five diseases with an incidence rate of 5.4% 
and it was the one disease that required the most repeated treatment. In 
United State, the disease was found to be affect about 9% of multi-parous 
dairy cows. Although the direct cost of treating clinical cases of milk 
fever was estimated at $15 million annually, secondary problems arising 
as a result of milk fever increase the annual cost of treatment to more than 
$120 million. Cows which recovered from milk fever have an eightfold 
higher incidence of Ketosis and mastitis more than do non-paretic cows 
(Curtis, C. R., Erb, H. N., Sniffen, C. J., Smith, R.D., Powers, P. A., 
Smith, M. C., White, M. E., Hillman, R. B. and Pearson, E.J., 1983). The 
incidence of dystocia, retained placenta, metritis, downer cow syndrome, 
abomasal displacement and uterine prolapse are also increase as a result 
of parturient paresis (Curtis, et al., 1983). Sub-clinical hypocalcaemia 
occurs more frequently than clinical hypocalcaemic parturient paresis and 
may be added to the economic impact associated with this metabolic 
disorder. Heritability of susceptibility to milk fever and hypocalcaemia 
has been assessed as insignificant (Jonsson, G. and Pehrson, B. 1971). 
Fourichon, C., Seeger, H. and Malher, X. (2000) studied the effect of 
milk fever on some reproductive traits. The authors found that the well-
treated cases of Milk Fever have no effect on reproduction. But Grohn, 
Y.T., Eidk, S. W., Ducrocq, V. and Hertl, J. A. (1998) reported that 
hypocalcaemia is one of the causes of culling in Holstein dairy herd in 
New York State due to either low milk production or fertility problems. 
Jonsson, N. N. and Daniel, R. C. (1997) noted a reduction in ovarian 
blood flow of 16% during a reduction of 50% of plasma-ionized calcium 
in experimentally induced hypocalcaemia in sheep, this result supports 
the effect of hypocalcaemia on reproductive performance of the affected 
animals. Hove et al., (2001) reported the relationship between 
hypocalcaemia and the incidence of repeat breeders.  
 In Sudan, there is no authentic documentation regarding the 
incidence and importance of the disease milk fever.     
1.3.1.4. Pathogenesis: 
 The physiopathology of parturient paresis is still not completely 
understood. Knowledge recently acquired in immunology, endocrinology 
and cell physiology has still to be integrated in order to elucidate the 
etiopathogenesis of the disease (Riond, J. L., Kocabagli, N., Cloux, F. and 
Wanner, M., 1996). Serum calcium and serum phosphate are significantly 
lower in clinical cases of milk fever than in normal comparable once and 
there is some relationship between the severity of the signs and the degree 
of the biochemical changes (Yamagishi, N. and Naito, Y. 1997). They 
added that hypophosphataemia could delay the response to treatment by 
using calcium salts. In-organic phosphorus and potassium are all directly 
correlated with blood calcium, while glucose, lactate and magnesium are 
inversely associated with calcium (Larsen, T., Moller, G. and Bellio, R., 
2001). There is a marked reduction in the stroke volume, cardiac output 
and a 50% reduction in arterial blood pressure in experimentally induced 
hypocalcaemia in cattle, the changes that would be account for the muscle 
weakness, hypothermia and depression of the consciousness (Blood et al., 
1986). Clinical symptoms like mood, muscle shivering, decreased 
ruminal motility and paresis are directly correlated to blood calcium and 
are thereby predictive of hypocalcaemia (Larsen et al., 2001). Muscular 
paresis may be related to the lower activity of acetylcholine (Forslund, K. 
and Nordberg, A., 1987). Bjorkman, C., Jonsson, G. and Wroblew, Ski, 
R. (1994) studied the concentration of calcium, potassium, sodium, 
magnesium and chloride in the muscle cells of cows with parturient 
paresis. The author found no difference in concentrations of these 
elements in muscle fibers of paretic cows, but the calcium concentration 
was higher in the muscle sample collected one month after parturition. 
Sechan et al. (1988) suggested that high estradiol concentrations in late 
pregnancy inhibit bone resorption and predispose aged cows to parturient 
paresis. The earlier decrease in progesterone concentration at parturition 
and lower concentration throughout late pregnancy might have 
contributed to the greater in- appetence in paretic cows at parturition. 
However, the importance of prolactin in the pathogenesis of milk fever is 
not yet clear. The high incidence of prolapse of the uterus in paretic cows 
or of the vagina of ewes are often ascribed to depression of muscle tone 
due to hypocalcaemia (Larsen et al., 2001). The serum activity of 
aspartate aminotransferase (ASAT), alanin aminotransferase (ALAT), 
creatine kinase (CK) and gamma-glutamyltransferase (GGT) are higher in 
cows with parturient paresis, which did not recover from the disease or 
required more than one treatment. However, serum ASAT and serum CK 
were higher in Milk Fever cases which did not recover than in those 
which recovered, but serum ASAT, and serum CK were higher in the 
cows which failed to recover. These results concluded that muscle 
damage is a significant complication both in cows which recovered and 
those which failed to recover, while liver damage is of little importance 
(Wagge, S., 1984). The activity of lecithinc: cholesterol acyltranferase 
(LCAT), the enzyme which is responsible for the esterification of plasma 
cholesterol, which decreased in cows with fatty liver, may be involved in 
the reduction of the infertility associated with milk fever, because 
esterification of cholesterol by LCAT is essential for its transport from 
the liver to peripheral tissue such as the corpus leutum and because 
cholesterol serves as the source of progesterone synthesis in the corpus 
leutum (Uchida, E., Katoh, N. and Takahashi, K., 1995).  
1.3.1.5. Clinical sings: 
The clinical signs of milk fever can be classified into three stages. 
In the first stage there is a short period where the cow will act excitedly 
with stiffening of the muscles and trembling. The cow is usually reluctant 
to move and to eat and later, the hind legs became stiff and the cow 
staggers. These signs only last for a brief time and often go un-noticed 
(Larsen et al., 2001). Secondly, cow lies down and cannot get up. This 
stage is called the sternal recumbency. The cow can sit up and often has a 
“kink” in her neck, or has her head folded along her flank. The cow is 
dull, cold to touch with subnormal body temperature,  dry and staring 
eyes, heavy breathing and faster heart beats. Finally, in the third stage, the 
cow lies on her side with her legs stretched out (Lateral recumbency) and 
is almost un-conscious. Bloat often develops and regurgitation of rumen 
contents is likely to occur. and death will occur if the animal left 
untreated.  Clinical signs of hypocalcaemia in beef cattle, sheep and goats 
tend toward hyperethesia and tetany rather than the classic signs that 
occur in dairy cows (Oetzel, 1988). Fenwick, D. C. and Daniel, R. C. 
(1990) made a comparison between the main clinical signs of milk fever 
in cows with those of experimentally induced hypocalcaemia. The 
authors reported all the classical  clinical signs in addition to salivation, 
excessive lips and tongue action and tail lifting.  
1.3.1.6. Clinical Pathology: 
 There is no available complete satisfactory field test. Total serum 
calcium levels are reduced to bellow 8 mg/dl, usually to bellow 5 mg/dl 
and sometimes to as low as 2 mg/dl . Mayer, G. P., Blum, J. and Deftos, 
L. J. (1975) reported that severe hypocalcaemia accompanied by paresis 
develops when serum calcium levels reach 3.91 ± 0.22 mg/dl, but a serum 
calcium levels of 5.7 ± 0.03 mg/dl result in a severe hypocalcaemia 
without paresis, and mild hypocalcaemia develops when serum calcium 
levels decrease to 8.5 ± 0.27mg/dl. Serum in-organic phosphorus levels 
are usually depress to 1.5-3.0 mg/dl. Serum level   magnesium is usually 
moderately elevated to 4-5mg/dl, but Sansom, B. F., Manston, R. and 
Vagge, M. J. (1983) reported an evidence of connection between 
hypocalcaemia and hypomagnesaemia. Blood glucose levels are usually 
normal although they may be depressed if ketosis occurs concurrently. 
Higher than normal blood glucose levels are likely to occur in cases have 
long-duration and are therefore an indications of poor prognosis 
(Fenwick, D. C. (1990). Waage, S., Sjaastad, O.V. and Blom, A. K. 
(1983) reported an elevation of plasma cortisol level during a period of 
hypocalcaemia. They added that there was an increased packed cell 
volume (PCV) during the period of hypocalcaemia. Hypocalcaemia is 
associated with a significantly higher plasma level of estrogen (Hollis, 
B.W., Draper, H. H., Buntom, J. H. and Etches, R. J., 1981). An increased 
activities of serum CK, GGT, ASAT and ALAT as an indicators of 
muscle damage has been reported (Wagge, S., 1984). Uchida et al. (1995) 
reported a decreased level of plasma cholesterol during hypocalcaemia 
associated with fatty liver due to increased activity of LCAT enzyme. 
Marcus, E., Kehrli, J. R. and Goff, J. P. (1989) studied the effects of peri-
parturient hypocalcaemia in cows on the peripheral blood neutrophils and 
lymphocyte functions. The authors documented that hypocalcaemia does 
not responsible for any changes in blood neutophils or lymphocytes, but 
hypocalcaemia may predispose the affected animal to infectious diseases 
such as coliform mastitis, the later, which lead to changes in peripheral 
neutrophils and lymphocytes.   
1.3.1.7. Necropsy findings: 
There are no gross or histological changes accompanied with milk 
fever unless concurrent disease is present (Blood et al., 1986). However, 
studies on recumbent cows with milk fever, which, failed to respond to 
calcium treatment revealed the presence of necrotic changes scattered 
throughout the myocardium. Also electron microscopy revealed 
abnormalities in the myocytes, which were characterized by focal 
myofibrillar lyses and  irregular splitting and streaming (Yamagishi, N. 
Oishi, A., Sato, R. and Naito, Y., 1999). 
1.3.1.8. Diagnosis: 
The clinical symptoms of milk fever are highly specific and of 
great importance in diagnosing the disease (Hove et al., 2001). The 
occurrence of paresis and depression of consciousness in animal that have 
recently given birth to young are a highly predictive to the presence of the 
disease. The diagnosis of the disease is confirmed by a favorable response 
to treatment with parenteral injections of calcium solutions, and by 
biochemical analysis of the blood (Hove et al., 2001). The disease should 
be differentiated from diseases, which may cause recumbency in cows in 
the immediate postpartum period. Hypomagnesaemia is one of the 
important causes of recumbency in such cases, but hyperethesia and 
tatany are present instead of classical signs of comma and muscle 
flaccidity accompanied with parturient paresis. Also hypophosphataemia 
may be suggested as a cause of prolonged recumbency after partial 
response to treatment with calcium solutions. Ketosis may complicate the 
disease milk fever, in which case, the animal responds to calcium therapy 
by rising but continues to manifest the clinical signs of ketosis (Blood et 
al., 1986). George, T. D., Murphy, G. M., Burren, B. and Uren, M. F. 
(1995) reported a similarity in clinical signs of milk fever and bovine 
ephemeral fever. In the later one, a temporary paresis occurs and is 
reversible by treatment with calcium borogluconate. All toxaemic 
conditions occur at the postpartum period such as mastitis, metritis and 
peritonitis can be confused with parturient paresis. 
1.3.1.9. Treatment: 
 Treatment should be given as soon as possible. Cows which are in 
lateral recumbency should be placed in sternal recumbency until 
treatment is available to reduce the possibility of aspiration pneumonia 
due to regurgitation. The longer the period from onset of the disease to 
treatment, the longer the period of post-treatment recumbency (Fenwick, 
1969). The standard treatment of parturient paresis is by parentral 
injection of calcium salts. Calcium borogluconate is the preparation of 
choice (Roberts, C., 1975). The dose rate of calcium to be used in treating 
milk fever is always questionable (Alanko, M., Cedquist, B., Jonsgard, 
K., Jonson, G., Nurmino, P., Pehson, B. and Simesen, M. G., 1975 and 
Jonsson, N. N., Daniel, R. C., Mayer, D. and Verrall, R., 1998). As an 
initial dose a heavy cow (540-590kg) requires 800-100ml of a 25% 
solution of calcium borogluconate, and smaller cow (320-360gkg) 
requires 400-500ml of the solution. In an Internordic field study of the 
effect of the calcium dose (6, 9, and 12g) on the therapeutic results of 
parturient paresis, considerably better results were recorded in Finland 
than in the other countries at all dose levels. In Finland, a full effect was 
obtained with 6.0g, while in all other countries 9.0 g calcium yielded a 
significantly better result than 6.0g. Rising of the dose to 12.0g produced 
no importance (Alanko et al., 1975). There is a tendency to use smaller 
dose to avoid the toxic effect of calcium, however, under dosing increase 
the chances of incomplete response and or of relapses. The intravenous 
route of administration of calcium borogluconate is preffered as the 
response is quicker and more apparent. The sub-cutaneous route can be 
used in the early stage when controlling the cow is difficult. The best 
recommendation is to use the bulk of the dose intravenously and the 
remainder of the dose sub-cutaneously, although commonly half the dose 
is given intravenously (Blood et al., 1986). Sub-cutaneous route or intra-
peritoneal administration is preffered in cows with severe toxaemia due to 
mastitis or metritis. In normal circumstances at least 10 minutes should be 
taken to introduce the calcium borogluconate solution dose. Andersen, 
U., Kietzmann, M. and Andersen, P. (1999) studied the efficacy of a 
calcium-magnesium-aspartate solution in the treatment of hypocalcaemic 
parturient paresis in dairy cows. The authors found that intravenously 
administered doses of 500 ml per cow leads to a twofold increase of the 
serum calcium concentration as well as increases serum magnesium and 
phosphorus concentrations, but a dose of 1000 ml/cow leads to a 
threefold increased calcium concentration, so that calcium-magnesium-
aspartate solution seems to be an efficacious and well tolerated alternative 
for the treatment of parturient paresis in diary cows. Oral administration 
of calcium chloride gel 24 and 48 hours after parturition has no 
significant effect on blood calcium concentration (Hernandez, J., Risco, 
C. A. and Elliott, J. B., 1999). Horst, R. L. and Jorgensen, N. A. (1982). 
suggested that cortisol might aid the animal recovery from 
hypocalcaemia. After using the standard treatment, immediate recovery 
rate can be estimated as 60% after a single dose and a 15% further can be 
estimated after two hours of treatment, 10% of recovery is complicated 
by other diseases, and 15%  are expected to die or to be disposed  
(Fenwick, 1969). 25-30% of the recovered cows after one treatment are 
expected to relapse and require further treatment. Failure of response to 
treatment may be due to many factors such as in-valid diagnosis and sub-
dosing. Relapses usually occur in cases of parturient paresis, which occur 
before calving rather than those occur post-calving. Also aged cows are 
likely to relapse more than younger ones. The animal posture during 
treatment is an important factor to aid the response to treatment. 12% 
deaths and 37% downers were reported after treatment during lateral 
recumbency and 2% deaths and 13% downers in those cases treated 
during sternal recumbency, but no reported death or downer in cases 
treated during standing posture (Fenwick, 1969). Alternative treatment 
can be used in cows, which did not respond to calcium salts alone. These 
include the injection of solutions containing magnesium, phosphorus or 
dextrose depending upon the clinical signs and the results of the available 
biochemical tests. Glucose is usually administered as 500 ml of a 40% 
solution, sodium acid phosphate as 200 ml of a 15% solution and 
magnesium sulphate as 200-400 ml of a 15% solution. Combinations of 
solutions containing calcium, magnesium, phosphorus and glucose are 
available (Blood et al., 1986). Phosphorus compound alone does not have 
the same effect as the composite mixtures; however, it is desirable to 
inject phosphorus alone with calcium (Fenwick, D. C., 1990). Responses 
to treatment include belching, muscle tremor, improvement in the 
amplitude and pressures of the pulse, increase in the intensity of the heart 
sounds, sweating of the muzzle and defecation. Urination usually does 
not follow until the cow rises. Tetany may also be observed to return 
transitorily in the limbs (Blood et al., 1986). Un-usual reactions, which 
may be observed include increase in heart rate in cows suffering from 
toxaemia. Sudden death may occur after calcium injection if the cow is 
excited or frightened due to adrinaline effect as well as when the affected 
cow is exposed to son or a hot humid weather. In such cases, calcium 
should not be introduced unless body temperature is bellow 39.5ºC 
(103ºF). 
1.3.1.10. Prevention: 
 Despite the tremendous knowledge of the nutrition of the dry cows, 
incidence of milk fever today is similar to the incidence of the disease 30 
years ago (Goff, J. P., Kehrli, M. E. Jr. and Horst, R. L., 1989). Low 
dietary calcium to cows in the prepartum period is effective in the 
prevention of severe hypocalcaemia at parturition (Shappel, N. W., 
Herbein,J. H., Deftas, L. J. and Aiello, R. J., 1987). However, recent 
studies have more precisely defined the physiological link between high 
diet potassium and tissue sensitivity to parathyroid hormone as a leading 
cause of milk fever. Manipulation of dietary cation-anion balance has 
been growing rapidly as a means of controlling not only milk fever but 
sub-clinical hypocalcaemia as well (Goff, J. P. and Horst, R. L., 2003). 
Thilsing-Hansen, T. and Jorgensen, R. J. (2001) reported that adding 
Zeolite A to the dairy cows in the dry period could prevent parturient 
paresis and sub-clinical hypocalcaemia. Julien, W.E., Conrad, H. R. and 
Redman, D. R. (1977) noticed that control of calcium and phosphorus 
intake during the dry period at a 0.5% calcium and 0.25% phosphorus of 
the dry matter of the total ration will limit the milk fever incidence to 
about 10% and injection of vitamin D in a dose of 10 x106 iu during the 
dry period reduces the incidence of milk fever further in cows with 
previous history of milk fever but not in those with no history of the 
disease. Dosing the dry cows with calcium propionate in molasses could 
increase plasma total calcium for a short period, so that calcium 
propionate solution is un-likely to be of value in preventing milk fever 
due to short duration of its effect (Jonsson, N. N., Daniel, R. C., Mayer, 
D. and Verrall, R., 1998). A ration high in protein, designed to stimulate 
maximum milk production at calving, is thought to increase incidence of 
milk fever (Goff and Horst, 2003). Commercial preparations of 
hydrochloric acid (Hcl) mixed into common feed ingredient as a premix 
could offer an un-expensive and palatable alternative to anionic salts as a 
means of controlling milk fever in dairy cows (Goff and Horst, 1998).                                 
1.3.2. Bovine Ketosis: 
1.3.2.1. Definition: 
Bovine ketosis or acetonaemia is a metabolic disorder caused by 
impaired metabolism of carbohydrate and volatile fatty acids and 
characterized by hypoglycaemia, ketonaemia and ketonuria (Mills, S. E., 
Beitz. D. C. and Young, J. W., 1986).   
1.3.2.2. Etiology: 
Bovine ketosis occurs in heavily producing dairy cows. During the 
post calving period, all highly yielding dairy cows are in negative energy 
balance in early lactation and are all, as a result, sub-clinically ketotic. 
But in many individual cows the need for energy is beyond their capacity 
for dry matter intake due to severe in-appetence (Blood et al.,1986). 
There are many theories on the cause of ketosis and many predisposing 
factors are included. Generally, ketosis occurs in ruminants when their 
demand to glucose and glucagon is beyond their capacity of metabolic 
and digestive activity to meet the demand of these metabolites. The 
failure to provide available glucose is the question arising because the 
disease affects the normal as well as the obese sows (Smith, T. R., 
Hippen, A. R., Beitz, D. C. and Young, J. W., 1997). Another theory is 
that the disease may be a defect of digestion or metabolism.  A direct 
result of this deficiency is an increase of gluconeogenesis in the liver with 
a parallel rise in ketone body formation, and when the later rise is beyond 
their physiological utilization by the body, clinical ketosis occurs. All 
carbohydrate ingested is converted in the rumin to acetic and butyric 
acids which are potentially ketogenic and to propionic acid which is 
glucogenic. The two groups of acids are produced under normal 
conditions in the ratio of about 4: 1. To maintain glucose supply to tissue, 
the production of propionic acid (The precursor of glucose) must be 
continued at a normal level, or in case of in-efficiency of this system, the 
alternative pathway of providing glucose by its synthesis from amino 
acids and glycol increases which result in increased demand for 
oxaloacetate, which is required to utilize ketone bodies by the tissues, so 
that ketone bodies accumulate to the point that ketosis occurs. Glucose 
supply is essential for tissue metabolism especially in ruminants for 
lactose formation and for utilization of volatile fatty acids for energy 
purposes. In the period from immediately after calving until the peak of 
lactation is reached, the demand for glucose is increased and cannot be 
completely restrained (Blood et al., 1986). A high protein diet is assumed 
as a contributory factor for bovine ketosis because of energy losses 
resulting from its metabolism and excretion (Blood et al., 1986). Also 
there is an assumption that bovine ketosis occurs due to adrenal gland 
dysfunction because the stress of parturition leads to adrinocortical 
activity and when this stress is exacerbated by the additional stress of 
malnutrition, some diminution of the hormonal reserves of the gland may 
follow leading to state of relative adrinocortical in-sufficiency which 
exacerbates the metabolic defects. This in-sufficiency of the adrenal 
gland is evidenced by the ability of the affected animals to respond to the 
adrenocorticotrophins therapy (Shipigel, N., Y., Chen, R., Avidar, Y. and 
Bogin, E., 1996, Andersson, L. and Olsson, T., 1984). A relative 
Hypothyrodism has also been suggested as a causal agent on the basis of 
low protein-bound iodine levels in the plasma of the affected cows. Also 
bovine ketosis is suggested as a result of prolonged hypomagnesaemia as 
a response of ketotic cows to treatment with magnesium is described. 
Pukkwamsuk et al. (1999) reported that fatty liver and negative energy 
balance during the post calving period in highly yielding over-
conditioned dairy cows is the main causative agent of bovine ketosis in 
dairy cows. 
1.3.2.3. Epidemiology: 
 Bovine ketosis is prevalent in all countries and it is one of the 
major causes of economical losses (Grohn, Y. T., Erb, H. N., McCulloch, 
C. E. and Salniemi, H. S., 1989). The disease affects the highly producing 
dairy cows most commonly during the first month of lactation, less 
commonly in the second month and only occasionally in late pregnancy. 
But, the highest frequency is between 20-30 days post calving 
 (Grown et al., 1989). The disease may occur in heifer calving for the first 
time. Genetic susceptibility may be a factor but adequate proof on this 
point is lacking (Blood et al., 1986). In-adequate exercise may be a 
predisposing factor for occurrence of the disease. Specific dietary 
deficiency of cobalt may lead to a high incidence of bovine ketosis 
partially due to in-appetence and to a failure to metabolize propionic acid. 
Secondary ketosis occurs as a result of prolonged starvation due to in-
appetence as in metritis, mastitis, traumatic reticulitis, abomasal 
displacement and other parturient diseases. Lean, J.J., Farer, T.B., Troutt, 
H. F., Bruss, M. L., Galland, J. C., Baldwin, R. L. and Weaver, L. D. 
(1992) reported that the clinically ketotic cows have a greater risk of 
other diseases in the first ten days post-partum. Also the disease has been 
reported as a cause of milk yield losses prior to and at treatment (Grown 
et al., 1989).  
1.3.2.4. Pathogenesis: 
 The main metabolic characteristics of the bovine ketosis are 
hypoglycaemia, ketonaemia and low level of hepatic glycogen (Baird, G. 
P., 1982, Veenhuiezen, J. J., Drackley, J. K., Richard, M. J., Sanderson, 
T. P., Miller, L. D. and Young, J. W., 1991). Plasma non-esterified fatty 
acids increase 1.9 folds in ketotic cows and concurrently β- 
hydroxybutyrate increases 8.4 folds for ketotic cows and liver glycogen 
content decreases to nearly zero (Smith, T. R., Hippen, A. R., Beitz, D. C. 
and Young, J. W., 1997). The severity of the clinical signs is proportional 
to the degree of hypoglycaemia and ketonaemia (Baird, G. D., Heitzman, 
R. J. and Hibbitt, K. G., 1972 and Smith et al., 1997). Acetoacetic acid is 
a toxic substance, so it may contribute to the occurrence of clinical signs. 
Also the breakdown of this substance results in production of the 
isopropyl alcohol which, may be encountered for the occurrence of 
nervous signs along with hypoglycaemia as glucose is an important 
metabolite in nervous tissues functions. Impairment of digestion is due to 
prolonged anorexia, which leads to changes in ruminal flora  (Steen, A. 
2001). The disease is treatable but the fatty degeneration of the liver may 
prolong the recovery period (Vasilev, B., 1979).  
1.3.2.5. Clinical Signs: 
 Two major forms of bovine ketosis are described, the wasting and 
the nervous forms, the former is the most common one: 
i. The wasting form of bovine ketosis: 
The first signs of this form of the disease are the gradual and moderate 
decrease in appetite and milk yield. The pattern of appetite loss is un-
usual in that the cow first refuse to eat grain, and then ensilage but may 
continue to eat hay but the appetite may be depressed. Body weight is lost 
rapidly and skin elasticity is reduced due to loss of sub-cutaneous fats. 
Serious constipation does not occur, although a feces is firm and dry. The 
affected cow is depressed with retarded movement. Body temperature, 
respiratory and pulse rates are normal (Baird, 1982). A characteristic 
oduor of ketones is detectable on the breath and often in the milk 
(Paneva, I. and Goranov, Kh., 1984). Fall in milk production may reach 
25% with very low fat contents (Klimes, J., Bouska, J., Bouda, 
Dostalova, M. and Toth, J., 1989). Although spontaneous recovery may 
occur after a course of one month, but milk yield is never fully regained. 
In this form, some nervous signs may occur such as staggering and partial 
blindness. In fertility problems include longer service period, lack of 
estrus and low conception rate (Simenov, S. I., Petrova, L. and 
Tsvetkova, V., 1984). 
 ii. The nervous form of bovine ketosis: 
In this form of the disease, the signs usually begin quite suddenly. These 
signs include waking in circles, crossing of the legs, head pushing leaning 
into the stanchion, apparent blindness, vigorous liking of the skin and in-
animate objects, depressed appetite, chewing movement and salivation. 
Hyperathesia may occur and the animal bellowing on being pinched or 
stroked. Moderate tremors and tetany may present. These nervous signs 
usually occur in short episodes, which last for 1-2 hours and may recur at 
intervals of 8-12 hours. Affected cows may injure themselves during the 
nervous episodes. The reproductive performance of the affected cows is 
impaired with regard to calving internal, service period and the number of 
services per conception (Baird, 1982, and Siemenov et al., 1984).  
1.3.2.6. Clinical Pathology: 
 Hypoglycaemia, ketonaemia and ketonuria are characteristic for 
bovine ketosis (Baird, 1982 and Mills et al., 1986). Blood glucose levels 
reduce from the normal of 50 mg/dl to 20-40 mg/dl, but secondary ketosis 
is accompanied by blood glucose levels above 40mg/dl or often above the 
normal (Vasilev, B., 1977). Blood ketone bodies elevated from the 
normal, which is up to 10 mg/dl to 10-100 mg/dl. The level is high in 
secondary ketosis, too, but is rarely above 50 mg/dl. Quantitative 
estimation of urinary ketone bodies may be un-satisfactory because of the 
wide variations that occur depending upon the concentration of the urine 
(Vasilev, 1977). In clinically normal cows, urinary ketones may be as 
high as 70 mg/dl although usually they are lower than 10 mg/dl. Levels of 
80-1300 mg/dl indicate the presence of either primary or secondary 
ketosis. Ketones levels in milk are rather less variable ranging from a 
normal of 3 mg/dl up to an average level of 40 mg/dl in ketotic cows 
(Andersson, L., 1988). Volatile fatty acids level in blood and rumen are 
much higher in ketotic cows than the normal one (Steen, 2001). The 
ruminal levels of butyric acid are markedly increase relative to acetic and 
propionic acids (Simeonov, S., Ivonon, V., Dimitrov, A., Goranov, Kh. 
and Donov, M., 1977). There is small fall in serum calcium levels down 
to about 9.0 mg/dl. Changes in the leukocyte count include eosinophilia 
(15-40%), neutropenia (10%) and lymphocytosis (60-80%) were reported. 
Severe cases show an increase in serum gutamic-oxaloacetic transferase 
(SGOT), Aspartate aminotransferase (ASAT), Creatine kinase (CK) and 
sometimes glutamate dehydrogenase, GGT and Bilirubin (Steen, A., 
Gronstol, H. and Torjesen, P. A., 1997).    
1.3.2.7. Necropsy Findings: 
 Fatty degeneration of the liver and secondary changes in the 
pituitary gland and adrenal cortex may be present (Vasilev, 1977 and 
Veenhuizen et al., 1991).  
1.3.2.8. Diagnosis: 
 The clinical signs of bovine ketosis are not characteristic to 
establish a diagnosis, so that general consideration of the history, with 
particular reference to the time of calving, the feeding program along 
with the biochemical analysis to detect the presence of hypoglycaemia, 
krtonaemia and ketoneuria are essential to establish a final diagnosis 
(Mehnert, E., 1970 and Steger, H., Girschewski, H., Piatkowski, B. and 
Voigt, J., 1972). Sub-clinical ketosis can be diagnosed only by the 
biochemical analysis of the blood and urine. The wasting form of the 
disease should be differentiated from other disease such as traumatic 
reticulitis, abomasum displacement, pyelonephritis and in-digestion.  The 
diseases cause secondary ketosis such as mastitis and metritis should be 
regarded (Blood et al., 1986). The nervous form of bovine ketosis also 
should be differentiated from rabies, lesteriosis, lactation tetany and lead 
poisoning. 
1.3.2.9. Treatment: 
 Treatment of bovine ketosis involves increasing the glucose supply 
relative to glucose demand (Biard, 1982). A number of effective 
treatments are available to treat the disease, but sometimes in some cases 
the response is only transient and in rare cases the disease may be 
encountered as a cause of culling. The failure to respond to treatment is 
often due to presence of a primary disease, which complicates the case 
(Kwenzle, C. C., 1977). The intravenous injection of 500 ml of a 50% 
glucose or dextrose solutions are recommended as a replacement therapy 
to relive the need for glucose formation from tissues and allow ketone 
bodies utilization to continue normally (Metzner, M., Hofmann, W. and 
Laiblin, C., 1993). The use of this protocol of treatment effects marked 
improvement in most cases but it needs to be repeated to avoid relapses. 
The dose required varying according to the milk production, which lead 
to loss of lactose. Glucose in 40% solutions (200g, 400g and 600g) were 
infused to clinically ketotic cows with elevated urinary ketone bodies. 
Only the infusion of 400g or 600g could lead to significant rise in the 
serum glucose concentration, but only infusion of 600g of glucose was 
followed by a significant decrease in serum beta-hydroxybutyrate 
concentration. The result indicated the possibility of improving the result 
of treatment of bovine ketosis by infusion of high amount of glucose 
(Metzner et al., 1993). Sub-cutaneous injections of glucose or dextrose 
prolong the effect of treatment but it is advisable to avoid it as the 
substances are highly irritant to tissues. Alternatively, intraperitoneal 
injection of a 20% dextrose solution can be used. To overcome the need 
for repeated injection treatment, propylene glycerol or glycerine alone or 
in combination with niacin can be used with a dose rate of 225g twice 
daily for two days followed by 110g daily for another 2 days to be 
administered to the affected cows as drench or feed additive along with 
glucose infusion (Blood et al., 1986). Shipigel, N., Y., Chen, R., Avidar, 
Y. and Bogin, E. (1996) reported that intravenous infusion of 500 ml of 
50% glucose with 40mg dexamethasone or with 5mg flumethasone could 
increase plasma glucose concentration and decrease serum beta-
hydroxybutyrate concentration in ketotic cows, but treatment of the 
affected cows with a corticosteroid alone is less efficacious. Sakai, T., 
Hayakawa, T., Hamakawa, M., Ogura, K. and Kubo, S. (1993) suggested 
that intravenous injection of 500ml of a 50% glucose with insulin is 
considered more effective in treating bovine ketosis than treating by using 
of glucose infusion alone. A combination of two corticosteroides, 
dexamethasone isonicotinate and dexamethasone phenyl propionate could 
lead to a decrease of acetone and acetoacetate in milk of ketotic cows 
(Andersson and Olsson, 1984). Sodium and calcium lactase and sodium 
acetate can be used for treating bovine ketosis but the result is less 
satisfactory (Blood et al., 1986). Also chloralhydrate can be used for the 
treatment of bovine ketosis with an initial dose of 30g followed by 7g 
twice daily for several days as a drench in mollases or drinking water. 
Vitamin B12 and cobalt are sometimes administered either as a sole 
treatment or in conjunction with the standard treatment (Blood et al., 
1986). Cysteane (the precursor of coenzyme A) and fumerate can be also 
used as a treatment of bovine ketosis. Gonarov, Kh., Kabrovski, P., 
Theliazkov, S. and Popgeorgieva, M. (1984) reported that monensin and 
nicotinic acid can be used in treating the disease. Bovicystan has been 
used to treat sub-clinical ketosis with a marked increase in blood glucose 
concentration and decrease in blood total ketone bodies for a period of 36 
hours (Goranov, Kh., Atsev, G., Gabrovski, P., Danov, M. and Enchev, 
E., 1983a). Sub-cutaneous injection of zylasine (Rumbon) at a dose rate 
of 0.04-0.08mg/kg body weight lead to a dependable increase in blood 
sugar by 169-185% for a period of 24 hours but ketonaemia did not 
disappear by using this drug, so that the authors advised to use zylasine 
with a combination with other treatment to treat the nervous form of the 
disease rather than the wasting one (Goranov, Kh., Zheliazkov, S. and 
Popgeorgieve, M., 1983b).). Hippen, A. R. (2000) reported that use of 
glucagon therapy in ketotic cows with fatty liver may provide a powerful 
result in treating the disease as it promotes the clearance of lipids from 
livers of affected cows. 
1.3.2.10. Prevention: 
 Because of the multiple etiological agents, and because of the 
different circumstances evidences under which the disease can occur, it is 
difficult to establish an excellent program for prevention of the disease. 
But there are many recommendations to be applied (Baird, 1982). To 
minimize the risk of the disease, dairy cows should neither have been 
starved nor be over fat at calving and an adequate energy should be taken 
in the early lactation. Also an adequate amount of good quality of 
roughage should be provided. A diet too high in protein and carbohydrate 
should be avoided before calving (Baird, G. D., Hietman, R. J., Hibbitt, 
K. G. and Hunter, G. D., 1974). Dairy cows should not be too fat or too 
thin at the end of lactation and the feeding in preparation for the next 
lactation should not begin until four weeks prior to calving. At that time 
ensilage and hay, which, are used as a maintenance ratio, should be 
supplemented with one kg/day concentrate and this amount should be 
increased gradually to 5 kg daily at calving time. After calving, the 
concentrate ratio should be increased gradually as production increases 
and be of the order of 3kg/100kg body weight hay for maintenance and 
one kg grain for each 3kg milk produced (Stoikov, D., 1978). The protein 
in the total ratio should not be more than 18%. Daily exercise should be 
practiced (Shabel'nik, N. M., Kushnirenko, A. A. and Ishchak, V. G., 
1980). The ratio should be corrected for cobalt and phosphorus. 
Monensin and nicotinic acid can be supplemented carefully to the ratio at 
the rate of 250 mg/cow monensin and 0.8mg/cow nicotin daily for 6-7 
weeks (Goranov et al., 1984). Feeding of sodium propionate, propylene 
glycol and carboxyline to lactating cows leads to an increase blood sugar 
and they can be considered as a good tool for preventing the disease.   
      Chapter Two 
2. Materials and Methods 
2.1. Animals: 
         The animals used in this study were crossbred dairy cows in 
different five dairy herds in different ranches in Khartoum State. 
I. Herd 1 (H1): 
Herd 1 was represented by 45 dairy cows in Khartoum University 
Farm, Shambat, Khartoum North, Khartoum State. 
II. Herd 2 (H2): 
This herd was represented by a number of 46 dairy cows in a 
private dairy farm in El-Halfaia, Khartoum North.  
III. Herd 3 (H3): 
This was a herd of 50dairy cows in a private dairy farm in El-
Halfaia. 
IV. Herd 4 (H4): 
Was forty dairy cows in a private diary farm in Al-Marsa, near Shambat 
campus, University of Khartoum.  
V. Herd 5 (H5): 
This herd was twenty-five dairy cows in dairy ranch, Eastern to the 
Shambat Campus, University of Khartoum.  
 
2.1.1. Housing: 
       The animal’s houses of H1, H2, H3, and H4 were constructed from 
iron poles and corrugated iron sheets. In H5, the ranch was constructed 
from local materials with un-adequate shade. The houses in all farms 
were divided into pens to house lactating cows, dry cows, replacement 
heifers and suckling calves separately. 
The sheds were provided with clean drinking water and tanks and troughs 
for concentrates. 
2.1.2. Management: 
      Each dairy cow in each herd was identified by a numbered ear-tag and 
their history was fully recorded regarding the number of parity, date of 
last calving and the dates of esteruses. The dairy cows in H1 were let out 
doors for grazing every day at 7:00 morning till 9:00 a.m. The exercises 
are not available for the other herds. All dairy cows in the 5 herds were 
milked twice daily, early in the morning and at the afternoon with 
intervals of 12 hours. 
2.1.4. Feeding Systems: 
     i. Roughages: 
The dairy cows in the five herds were fed on green fodder comprised 
mainly, of sorghum grass (Abu 70) and or Barseem.  
   
 ii. Concentrates: 
All 5 herds were supplied with concentrates, which had been 
prepared within the farms. The daily allowance per cow was 4-8 kg as a 
daily ration according to milk yield and during the closed-up dry period. 
The Ingredients of the concentrate mixtures of the different 5 herds were 
as shown in the table1. The crude protein percentages of the different 
concentrates in the different herds were determined. The analysis was 
conducted in the Industrial Research and Consultancies Center, Bahri- 
Khartoum State.    
2.1.5. The Reproductive Performance : 
From the period extended from March 2001 and for 15 months (the 
longest calving interval recorded in this study), the reproductive traits of 
each cow in each herd were recorded included, the duration of postpartum 
period, the open period, the number of services per conception and the 
calving interval. 
2.2. Metabolic Profiling Tests: 
        The metabolic profiling test was curried out by using the method 
described by Payne et al. (1970). In this method, the lactating dairy cows 
in each herd were divided into 5 groups according to their stage of 
lactation: 
Table 1. Feed Ingredients and Crude Protein Percentage of rations 
fed to the Five Different Dairy Herds 
 
Ingredients 
Percentage 
Crushed 
sorghum 
H1 H2 H3 H4 H5 
Groundnut 
cake 
37 36 36 36 36 
Wheat 
bran 
21 40 35 35 35 
Calcium 1 3 3 3 3 
Sodium 
chloride 
1 1 1 1 1 
Crude 
protein 
percentage 
20.3 42.2 33.0 33.0 33.0 
1. Group 1: 
This group included the early lactating dairy cows (From the day of 
calving to the 90th day of lactation). 
2. Group 2: 
This group included the dairy cows in the mid-lactation stage (from 
the day 90 of lactation to the day 150 in milk). 
3. Group 3: 
This group included the dairy cows in their late stage of lactation 
(from the day 150 in milk to the day of zero milk). 
4. Group 4: 
 This group included the dairy cows in the dry period. 
5. Group 5: 
 This group included the closed-up dry cows. 
2.2.1. Sampling: 
     Blood samples were collected monthly from each cow in each herd by 
the veni-puncturing of the jugular vein. Samples were collected in sterile 
plain vacutainer tubes. Serum was separated from each tube by 
centrifugation. The separated sera were aspirated by using micropipette 
and disposable tips into labeled tubes. The serum samples were stored at -
20°c till used for biochemical analysis. 
2.2.1.1. Biochemical Analysis: 
     Biochemical analysis for serum samples was achieved by using the 
colorimetric method.  
2.2.1.1.1 Glucose Determination: 
    1. Principle: 
In this method glucose is oxidized by glucose oxidase to gluconate 
and hidroxide peroxide according to the following equation: 
Glucose + O2 + H2O    GOD       H2O2 + Gluconate 
 2 H2 O2 + Phenol + 4 AP       POD        Quinonrimine + 4 H2 O. 
   2. Reagents: 
    i. Reagent 1 (R1):  
This was the buffer solution, which composed of: 
Tris Buffer pH= 7.4                                                       092 mmol / L 
Phenol                                                                            00.3 mmol / L 
ii. Reagent 2 (R2): 
These were the enzymes, which included: 
Glucose oxidase                                                               15000.0U / L  
Peroxidase                                                                        01000.0 U /L 
4-Aminophenazone                                                          00002.6 mmol / L 
The contents of one bottle of R2 were mixed with the contents of one 
bottle of R1 to give the working reagent (WR). 
iii. Standard: 
This was a solution of glucose                                         100mg /dl 
3. Procedure: 
One  ml of the WR was added to 10 µL of serum sample and 10 µL 
of the standard solution and to the Blank and then mixed well and 
incubate at 37°c for 10 minutes. The extension (Ext.) of the serum sample 
and the standard solution was read against the blank. 
3. Calculation: 
Glucose (mg/dl)  =    Ext. Sample    X 100 (standard concentration). 
                                  Ext. standard   
2. 2.1.1.2. Cholesterol Determination: 
 1. Principle: 
The cholesterol present in the sample originates a coloured complex 
according to the following reaction: 
Cholesterol esters + H2O    ChE    Cholesterol + fatty acids. 
Cholesterol + O2     ChOD     cholestenone + H2O. 
2 H2O2 + phenol + 4-Aminophenazone   POD   quinonimine + 4 H2O. 
2. Reagents: 
i. R1: 
This was a buffer solution, which composed of: 
Pipes pH 6.9                                                                 90 mmol/L 
Phenol                                                                           26 mmol/L 
ii. R2: 
This was the following enzyme: 
Cholesterol esterase (ChE)                                          0300.0U/L 
Cholesterol oxidase (ChOD)                                        0300.0U/L 
Peroxidase (POD)                                                        1250.0 U/L 
4- Aminophnazone (4-AP)                                           0000.4 mmol/L 
iii. Standard: 
This was cholesterol aqueous solution                           200 mg/dl 
The contents of one vial R2 were dissolved in one vial of R1 and mixed 
well to give the WR. 
3. Procedure:  
One ml of the WR was added to 10 µL of the serum sample and to 10 µL 
of the standard and to the blank and then mixed well and incubated at 
37ºc for 5 minutes. The absorbance of sample (A) and standard were read 
against the blank. 
 
4. Calculation:    
Cholesterol (mg/dl)  =    (A) Sample    X 200 (standard concentration). 
                                       (A) standard   
2.2.1.1.3. Calcium Determination: 
1. Principle: 
The measurement of calcium in the sample was based on formation 
of color complex between calcium and O- cresophthalein   in alkaline 
medium according to the following equation: 
Ca++ + O-Cresophthalein      OH+     Colored complex. 
 
 
 
2. Reagents: 
i. R1: 
This was the Buffer solution, which composed of: 
Ethalnolamine                                                                      500mmol/L 
ii. R2: 
This was the chromogen, which composed of: 
O-Cresophthalein                                                              00.62 mmol/L 
8. Hidroxyquinolien                                                         69.00 mmol/L 
iii. Standard:   
This was a calcium aqueous solution                              10.00 mg/dl 
3. Procedure: 
Two ml of R1 and one drop of R2 were added to to 20 µL of serum 
sample and to 20 µL of the standard and to the Blank and then mixed and 
incubated at 25°c for 5 minutes. The absorbance of the sample and 
standard was read against the Blank. 
 
 
4. Calculation: 
Calcium (mg/dl)  =    (A) Sample    X 10.0 (standard concentration). 
                                 (A) standard   
2.2.1.1.4. Phosphorus Determination: 
1. Principle: 
The in-organic phosphorus present in serum reacts with sodium 
molybdate to form phosphomolybdate. The phsphomolybdate is then 
converted by reduction with 1.2 hpenylendiamin to collodal molybdenum 
blue, which is the determined photometrically. 
2. Reagents: 
i. R1:  
This was the Bufer solution which composed of : 
Molybdate- borate                                                                    1.21 mmol/L 
ii. R2: 
This was the catalyst solution, which composed of: 
1.2 Phenylendiamin                                                                 2.59 mmol/L 
 
iii. Standard: 
This was a phosphorus solution                                     5 mg/dl 
The R1 and the R2 were mixed proportionally (1:1) to give the WR. 
3. Procedure: 
One point five ml of the WR was added to 50 µL of serum sample 
and to 50 µL of the standard and to the blank and then mixed and 
incubated at 37°c for 10 minutes. The extension of sample and standard 
was measured at 710 nm wave length against the blank. 
4. Calculation: 
Phosphorus (mg/dl)  =    Ext. Sample    X 5.0 (standard concentration). 
                                       Ext. standard   
2.2.1.1.5. Magnesium Determination: 
1. Principle: 
Magnesium ions in an alkaline medium form a colored complex 
with zylidyl blue. The absorbance increase is proportional to the 
magnesium concentration in the sample. Glycoletherdiamine –N, N, N, 
N-tetra acetic acid (GEDTA) was used as masking agent for calcium ions.  
 
 
1. Reagents:  
i. R1: 
This was a colored solution, which composed of: 
CAPS                                                                             49.00 mmol/l 
GEDTA                                                                         00.13 mmol/l 
Zylidyl blue                                                                  00.09 mmol/l 
Sodium azide activators                                                00.095% 
ii. Standard: 
This was a magnesium solution                                      02.5 mg/dl 
2. Procedure  
1000µl of R1 were added into 10 µl of the serum sample and the standard 
and 10 µl of distilled water were added into the blank, and then mixed 
and incubated at 25ºC for 10 minutes. The absorbance of the sample and 
the standard were measured at 520nm wavelength against the blank. 
 
3. Calculation: 
Magnesium (mg/dl)  =    (A) Sample    X 2.5 (standard concentration). 
                                      (A) standard   
 
 
 
2.1.1.1.6. Urea Determination:  
1. Principle: 
Urea in the serum sample was hydrolized enzymatically into ammoniunm 
(NH4++) and carbon dioxide (CO2). Ammonium ions formed react with 
salicylate and hypochlorite (NaCIO), in presence of the catalyst 
nitroprusside to form a green indophenol according to the fellowing 
equation: 
Urea+ H2O   Urease        (NH4+) 2 + CO2  
NH4+ + Salicylate + NaCIO   Nitroprusside    Indophenol. 
 
2. Reagents: 
i. R1:  
This was the buffer solution, which composed of: 
Phosphate pH 6.7                                                             050 mmol/dl 
EDTA                                                                                002 mmol/L 
Sodium salycilate                                                              060 mmol/L 
Sodium nitroprosside                                                        03.2 mmol/L 
ii. R2: 
This was composed of: 
Sodium hypochlorite (NaCIO)                                          140 mmol/L 
Sodium hyroxide                                                                150 mmol/L 
 
iii. R3: 
This was composed of: 
Urease                                                                         30.0000 U/L 
IV. Standard: 
This was an aqueous urea solution                                50 mg/dl 
One tablet R3 was dissolved in on bottle of R1 and mixed well to give the 
WR. 
3. Procedure: 
One ml of the WR was added to 10 µL serum sample and to 10 µL 
standard solution and to the blank and then mixed well and incubated at 
37˚c for 5 minutes.  Then 1.0 ml of R2 was added to the serum sample, to 
standard solution and to to the blank and then mixed and incubated at 
37˚c for 5 minutes. The absorbance of sample and standard was measured 
at 580 nm wavelengths. 
 
4. Calculation: 
Urea (mg/dl)  =    (A) Sample    X 50 (standard concentration). 
                             (A) standard   
 
 
 
2.2.1.1.7. Total Protein Determination: 
 1. Principle: 
Protein together with a basic copper sulphate solution containing tartrate 
(Biuret reagent) forms a violet blue colour. 
 2. Reagents: 
i. R1: 
This was the Biuret reagent, which composed of: 
Potassium-Sodium –Tartrate                                                   015 mmol/L 
Sodium iodide                                                                         100 mmol/L 
Potassium iodide                                                                      015 mmol/L 
Copper sulphate                                                                        005mmol/L 
The reagents were ready for use. 
iii. Standard: 
This was a solution of total protein                                           7 g/dl 
3. Procedure: 
One  ml of Biuret solution was added to 25 µL of serum sample and 25 
µL of the standard and to the blank and then mixed well and incubated at 
37ºc for 5 minutes and the extention of the sample and standard was 
measured against the blank at 540 nm. 
 
 
 
3. Calculation:  
Total protein (g/dl)  =     Ext.Sample    X 7.0 (standard concentration). 
                                       Ext. standard
 
 
2.3. Metabolic Diseases: 
2.3.1. Milk Fever: 
During the period of metabolic profiling tests, the dairy cows,  
Which, developed the clinical signs of milk fever, were recorded. 
2.3.1.1. Case History and Clinical signs: 
The case history of each case was taken from the cow's owner or 
attendants regarding the time of delivery, the time of onset of apparent 
clinical signs and the development of the clinical signs. Also the clinical 
signs with regard to the posture of the cow and the demenour were 
recorded. 
2.3.1.2. Clinical Examination: 
Clinical examination for each milk fever case was curried out 
before the onset of treatment and 24 hours post-treatment and then 
weekly for 3 weeks regarding the fellowing: 
i. Determination of the rectal body temperature. 
ii. Determination of pulse and heart rates. 
iii. Determination of ruminal motility. 
2.3.1.3. Blood Samples: 
Blood samples were collected from each milk fever case before the 
onset of treatment, 24 hours post treatment and then weekly for 3 weeks. 
Serum was separated as described before and then stored at -20˚c and 
then used for the biochemical tests to determine the blood levels of 
calcium, phosphorus, magnesium, glucose, cholesterol, total protein and 
urea as described before.  
2.3.1.4. Treatment: 
2.3.1.4.1. Drugs: 
The milk fever cases were treated by using hipracal-FM solution  
(Laboratorios Hipra, Spain), which composed of the following active 
ingredients per ml: 
Calcium gluconate                                                               175.00 mg 
Glucose                                                                                100.00mg  
Magnesium hypophosphite                                                   00.35 mg  
 Milk fever cases, which did not recover after 24 hours, were 
retreated by using cobaphos injectable solution (Richer Pharma, 
Austeria), which composed per ml of: 
Phosphorus (as sodium salt of α - oxybenzlphosopinate)             125mg         
Vitamin B12                                                                                    50m cg. 
 
 
2.3.1.4. 2. Dosage and Route of Administration: 
 Hipracal was administered intravenously with a dose of 500  
ml/ cow, whereas cobaphos was administered intramuscularly with a dose 
of 25 ml. 
2.3.2. Bovine Ketosis: 
Dairy cows, which developed the clinical signs of bovine ketosis 
during the period of metabolic profiling tests  were recorded. 
2.3.2.1. Case History and Clinical Signs: 
 The case history of each case was taken as described for milk fever 
cases. The clinical signs were recorded. 
2.3.2.2. Clinical Examination: 
 The affected cows were examined clinically as described before for 
milk fever cases. 
2.3.2.3. Blood Samples: 
 Blood samples were collected before the onset of treatment, 24 
hours post-treatment and then  weekly for 3 weeks as described before for 
milk fever cases. Serum was separated and stored at -20˚c and then used 
for biochemical tests to determine the blood levels of glucose, calcium, 
magnesium, phosphorus, cholesterol, total protein and urea as described 
before in addition to qualitative determination of ketone bodies (acetone 
and diacetic acid) by using Rothera's test described by Kelly, W.R., 
(1984) as described below: 
1. Reagent:  
i. Ammonium sulphate                                                                     100g 
ii. Sodium carbonate                                                                          050g 
iii. Sodium nitroprosside                                                                    003g 
2. Procedure: 
About 0.25 g of the reagent were placed on a white filter paper and 
2 drops of the serum sample were added. The presence of diacetic acid 
and acetone was indicated by the immediate development of a 
permanganate color. 
2.3.2.4.Treament: 
2.3.2.4.1. Drugs: 
The drugs used for the treatment of bovine ketosis in this study 
were 50% glucose solution (Laboratory Renaudin, France, (Human 
preparation)) and Desavitzoo injectable solution, which composed of the 
following active ingredients per ml: 
Dexamethasone                                                                           1 mg 
Thiamine hydrochloride                                                              100 mg  
Cyanocobalamin                                                                        1000 mcg 
 
 
 
 
2.3.2.4.2. Dosage and route of administration: 
Glucose was administered intravenously with a dose of 500 ml and 
desavitzoo was administered intramuscularly with a dose of 10 ml daily 
for 3 days 
 
2.4. Experimental Designs:  
A. Experiment 1: 
 This experiment was designed to determine the blood levels of 
glucose, cholesterol, calcium, phosphorus, magnesium, total protein and 
urea in crossbred dairy cows (number=206) by using the method 
described above. Five dairy herds under different conditions were 
selected for this experiment.  
B. Experiment 2: 
 This experiment was carried out to study the effect of season on the 
above mentioned blood metabolites of crossbred dairy cows 
(number=206) in the above mentioned dairy herds (3x5) (three season 
and 5 dairy herds). 
C. Experiment 3: 
 This experiment was designed to study the effect of stage of 
lactation on blood levels of glucose, cholesterol, calcium, , phosphorus, 
magnesium, urea and total protein. Crossbred dairy cows in different 5 
dairy herds, which were at the dry period or recently delivered were 
selected for this experiment (Number = 80). 
D. Experiment 4: 
 This experiment was designed to study the reproductive 
performance of crossbred dairy cows in the previously mentioned 5 
different dairy herds. The duration of postpartum period, number of 
services per conception, the open period and the calving interval were 
recorded. 
E. Experiment 5: 
This experiment was carried out to study the relations between the 
above mentioned blood metabolites during the postpartum period and the 
duration of postpartum period and the number of services per conception 
in crossbred dairy cows. Dry and dairy cows at their early postpartum 
period in the different 5 dairy herds were selected for this experiment 
(number=80).  
F. Experiment 6: 
 This experiment was carried out to study the possibility of using 
blood metabolic profiling test as a tool to predict the occurrence of milk 
fever and bovine ketosis in 5 dairy herds (number=206). 
G. Experiment 7:  
This experiment was performed to investigate the incidence rates 
of milk fever and bovine ketosis in crossbred dairy cows in Khartoum 
State, clinical signs of the two diseases and to determine the levels of the 
above mentioned seven blood metabolites before and after treatment. 
Further more, dairy cows, which diagnosed to have one of the above 
mentioned two diseases was treated as mentioned above. The recovery 
rate, the time relapsed from the onset of treatment to recovery and the 
signs of recovery were recorded   
2.5. Statistical Analysis: 
 Data are means + standard deviations of the means. The results 
were statistically analyzed by using ANOVA Followed by Fisher's 
Protect Least Significant (PLSD). Differences at probability of P< 0.05 
were considered to be statistically significant. Data for correlation were 
analyzed by using ANOVA followed by regression blots. Correlation was 
present when Y > 0.1.  
  
 
                     
 
  
 
 
 
Chapter Three 
3. Results 
3.1. Animals: 
 A total number of 206 crossbred dairy cows in different five dairy 
herds were selected in the period extended from March, 2001 – May, 
2002.  
3.2. Experiment 1: Blood Metabolites Levels of Five Different Diary 
Herds: 
 In this experiment the mean blood levels of glucose, cholesterol, 
calcium, phosphorus, magnesium, urea and total protein were determined. 
The result of this experiment was as shown in table 2 and figures 1,2 and 
three                                                                                                        .  
3.2.1. Blood Glucose Levels: 
Herd had no effect (P> 0.05) on blood levels of glucose. The 
highest mean blood level of glucose, 45.6 + 1.4 mg/dl was recorded in H1, 
whereas the lowest mean blood level of glucose, 43.2 + 1.1 mg/dl was 
recorded in H2. The mean blood level of glucose of H2 was significantly 
lower (P < 0.05) than the mean blood level of glucose of H1 and H3, but 
there was no significant difference between blood level of glucose of H2 
and blood levels of glucose of H4 and H5.  There was no significant 
difference between blood levels of glucose of H1, H4 and H5. 
Table 2.  Mean Blood Levels of Glucose, Cholesterol, 
Calcium,   Phosphorus, Magnesium, Urea  and Total  
Protein of Crossbred Dairy Cows  in Different 5 Dairy  
Herds 
 
 
Herd 
No. 
Glucose 
(mg/dl) 
Cholesterol 
(mg/dl) 
Calcium 
(mg/dl) 
Phosphorus 
(mg/dl) 
Magnesium 
(mg/dl) 
Urea 
(mg/dl) 
Total 
Protein 
(g/dl) 
H1 45.6±1.4 74.2±8.6 7.0±0.6 4.8±0.6 2.5±0.5 10.6±0.7 8.7±0.5 
H2 43.2±1.1 62.6±4.4 6.2±0.2 4.7±0.5 3.4±0.8 16.0±2.2 10.8±1.1
H3 44.8±2.6 59.4±3.6 6.6±0.4 4.8±0.3 4.0±0.6 14.4±1.0 9.1±0.9 
H4 44.3±1.3 58.5+3.1 7.2±0.3 3.7+0.5 2.9±0.3 13.7±0.9 8.2±0.8 
H5 44.7±2.5 51.7±5.9 6.9±0.9 4.1±0.8 3.3±0.7 10.6±2.1 7.1±0.4 
 Figure 1. Mean Blood Levels of Glucose and Cholesterol of Crossbred 
Dairy Cows in Different 5 Dairy Herds
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Figure 2. Mean Blood Levels of Calcium, Phosphorus, Magnesium and Urea of Crossbred 
Dairy Cows in Different 5 Dairy Herds
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Figure 3. Mean Blood Level of Total Protein of Crossbred Dairy Cows in Different 5 Dairy Herds
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3.2.2. Blood Cholesterol Levels: 
The mean blood levels of cholesterol of H1, H2, H3, H4, and H5 
were 74.2 + 8.6, 62.6 + 4.4, 59.4 + 3.6, 58.5 + 3.1 and 51.7 + 5.9 mg/dl   
respectively. Herd had a significant effect on blood levels of cholesterol 
(P< 0.0001). The metabolite is significantly higher in H1 (P<0.0001), but 
there is no significant difference between blood cholesterol levels of H2, 
H3, and H4, but the level was significantly lower in H5. 
3.2.3. Blood Calcium Levels: 
The mean blood levels of calcium of the 5 different dairy herds, 
which recorded in this study, were 7.0 + 0.6 mg/dl for H1, 6.1 + 0.2 mg/dl 
for H2, 6.6 + 0.4 mg/dl for H3, 7.2 + 0.3 mg/dl for H4, and 6.9 + 0.9 mg/dl 
for H5. Herd had a significant effect (P< 0.0001) on blood levels of 
calcium in this study. The level is significantly lower in H2 (P>0.05) than 
the blood levels of H1, H3, H4 and H5. But there was no difference 
between blood levels of calcium of H1, H4 and H5. Blood level of calcium 
of H4 was significantly higher than that of H3. 
3.2.4. Blood Phosphorus Levels:  
The mean blood levels of phosphorus reported in this study for the 
five different herds were 4.8 + 0.6 for H1, 4.7 + 0.5 mg/dl for H2, 4.8 + 
0.3 mg/dl for H3, 3.7 + 0.5 mg/dl for H4 and 4.1 + 0.8 mg/dl for H5. Herd 
significantly had affected (P< 0.0001) the blood level of phosphorus in 
this study. The level of the metabolite was significantly lower in H5. 
There was no difference between the blood levels of phosphorus of H1, 
H2 and H3, but the blood levels of phosphorus of H5 is significantly lower 
than the blood levels of the other herds.  
3.2.5. Blood Magnesium Levels: 
The mean blood levels of magnesium reported in this study for the 
5 different herds were 2.7 + 0.5, 3.4 + 0.8, 4.0 + 0.6, 2.9 + 0.3 and 3.3 + 
0.7 mg/dl for H1, H2, H3, H4, and H5 respectively. Herd had a significant 
effect on blood levels of magnesium in this study. The blood level of 
magnesium of H1, was significantly lower (P < 0.05) than the blood levels 
of magnesium of H2, H3, H5, but not of H4. The blood level of magnesium 
of H4 is significantly lower than the blood levels of H2 and H3, but there 
was no difference between this herd and H1 and H5 regarding the blood 
levels of magnesium.  
3.2.6. Blood Urea Levels: 
The mean blood levels of urea were 10.6 + 0.7, 16.0 + 2.2, 14.4 
+1.0, 13.7 + 0.9 and 10.6 + 0.4 for H1, H2, H3, H4, and H5 respectively. 
The mean blood level of H2 is significantly higher than the mean blood 
level of urea of the other 4 herds, and the mean blood levels of urea of H1 
and of H5 were significantly lower than the blood levels of the other 
herds, but there was no significant difference between the mean blood 
levels of urea of them.   
 
3.2.7. Blood Total Protein Levels: 
The mean blood levels of total protein were 8.7 + 0.5, 10.8 + 1.1, 
 9.1 + 0.9, 8.2 + 0.8 and 7.1 + 0.4 mg/dl for H1, H2, H3, H4 and H5 
respectively. Also herd had a significant (P<0.0001) effect on blood 
levels of total protein. The highest blood level of total protein was 
recorded in H2 with a significant difference from the other 4 herds. Mean 
blood level of total protein of H5 was significantly lower than the blood 
levels of the other 4 herds. Mean blood level of H3 was significantly 
higher than the mean blood level of total protein of H4. 
3.3. Experiment 2: Effect of Seasons of the Year on Blood 
Metabolites Levels of Crossbred Diary Cows: 
 In this experiment the effect of the three seasons of the year 
(summer, autumn and winter) on blood levels of Glucose, cholesterol, 
calcium, phosphorus, magnesium, urea and total protein were determined 
in crossbred dairy herds in different 5 dairy herds by using the method 
described in Chapter 2. The result of this experiment is as shown in table 
3 and figures 4, 5 and 6.  
3.3.1. Effect of Season on Blood Glucose Level: 
The mean blood levels of glucose were 44.0 + 2.2 mg/dl in summer (the 
hot season), 45.0 + 1.9 mg/dl in autumn (the wet season,) and 44.5 + 1.9 
mg/dl in winter (the cold season). Season had no significant effect on 
blood level of glucose (P> 0.05). 
Table 3. Mean Blood Levels of Glucose, Cholesterol, Calcium, 
Phosphorus, Magnesium, 
Urea and Total Protein of Dairy Cows in Different Seasons of the 
Year 
 
 
 
 
 
 
 
 
 
Season 
 
 
Glucose 
(mg/dl) 
 
Cholesterol 
(mg/dl) 
Calcium 
(mg/dl) 
Phosphorus 
(mg/dl) 
Magnesium 
(mg/dl) 
Total Protein 
(g/dl) 
Urea
(mg/dl)
ummer 44.0±2.2 61.8±10.7 6.8±0.7 4.6±0.7 3.3±0.6 9.3±1.5 13.5±2.
Autumn 45.0±1.9 63.4±10.7 7.0±0.6 4.6±0.5 3.5±0.7 8.8±1.6 13.7±2.
Winter 44.5±1.9 58.7±4.2 6.6±0.7 3.9±0.7 3.1±0.8 8.2±1.0 12.0±2
  
Figure 4 Mean Blood Levels of Glucose and Cholesterol of Crossbred 
Dairy Cows in Different Seasons of the Year
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Figure 5. Mean Blood Levels of Calcium, Phosphorus, Magnesium and Urea 
of Crossbred Dairy Cows in Different Seasons of the Year
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Figure 6. Mean Blood Level of Total Protein of Crossbred 
Dairy Cows in Different Seasons of the Year
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3.3.2. Effect of Season on Blood Cholesterol Level:  
The mean level of cholesterol was 61.8 + 10.7 mg/dl in summer,  
63.4 + 10.7 in autumn and 58.7 + 4.2 mg/dl in winter. Also season had no 
significant effect on blood level of cholesterol in this study.  
3.3.1. Effect of Season on Blood Calcium Level: 
The mean blood level of calcium was 6.8 + 0.7 mg/dl in summer,  
7.0 + 0.6 mg/dl in autumn and 6.6 + 0.6 mg/dl in winter. Season had no 
significant effect on blood calcium levels in this study (P> 0.05), 
although the blood level of calcium in autumn was significantly higher 
 (P< 0.05) than that of winter.  
3.3.4. Effect of Season on Blood Phosphorus Level: 
The mean blood level of phosphorus was 4.6 + 0.7 mg/dl in 
summer, 4.6 + 0.5 mg/dl in autumn and 3.9 + 0.7 mg/dl in winter. Season 
had a significant effect (P< 0.0001) on blood level of phosphorus in this 
study. The level is significantly lower in winter but there was no 
significant difference in the levels in summer and autumn.  
3.3.5. Effect of Season on Blood Magnesium Level: 
The mean blood levels of magnesium were 3.3 + 0.6 mg/dl in 
summer, 3.5 + 0.7 mg/dl in autumn and 3.1 + 0.8 mg/dl in winter. Season 
had no significant effect on the blood level of the metabolite.  
 
 
3.3.6. Effect of Season on Blood Urea Level: 
The mean blood levels of urea were 13.5 + 2.4 mg/dl in summer, 
13.7 + 2.9 mg/dl in autumn and 12.0 + 2.3 mg/dl in winter. Season had no 
significant effect on blood of urea (P> 0.05), although the level in winter 
was significantly lower than the level in autumn.  
3.3.1. Effect of Season on Blood Total Protein Level: 
The mean blood levels of total protein were 9.3 + 1.5 g/dl, 8.8 + 
1.6 g/dl in autumn and 8.2 + 1.0 g/dl in winter. Season significantly had 
affected (P< 0.05) the blood level of total protein in this study. The level 
in winter is significantly lower than the level in summer but not than the 
level in autumn. 
3.4. Experiment 3: Blood Metabolites Levels in Different 
Stages of Lactations: 
 In this experiment the effect of stages of lactation on blood levels 
of glucose, cholesterol, calcium, phosphorus, magnesium, urea and total 
protein were determined in crossbred dairy cows in different 5 dairy 
herds. The result of this experiment is summarized in table 4 and Figures 
7, 8 and 9. 
 
 
 
 
Table 4. Mean Blood Levels of Glucose, Cholesterol, Calcium, 
Phosphorus, Magnesium, 
  Urea and Total Protein of Crossbred Dairy Cows in 
Different Stages of Lactation 
 
 
  
 
 
 
age of 
ctation 
Glucose 
(mg/dl) 
Cholesterol 
(mg/dl) 
Calcium 
(mg/dl) 
Phosphorus 
(mg/dl) 
Magnesium 
(mg/dl)  
Urea 
(mg/dl) 
Total 
Protein 
(g/dl) 
rly 
ctation 
39.5±12.6 57.6±7.6 5.9±0.7 5.1±1.21 3.3±0.8 12.8±3.1 8.4±1.2
d-
tation 
45.7±3.5 69.8±12.4 7.4±1.5 4.0±0.5 3.4±0.7 15.9±3.3 10.5±2.3
te 
ctation 
41.1±7.3 66.1±9.9 6.7±1.0 4.4±1.2 3.1±0.5 10.3±1.8 7.4±2.6
y Period 39.3±8.0 56.4±5.9 6.3±1.0 4.4±1.2 2.8±0.7 8.3±1.2 6.6±104
osed-up 
y Period 
 
47.7±5.1 
63.5±18.5 7.3±1.4 4.0±0.8 3.7±1.3 10.6±2.2 8.8±2.7
Figure 7. Mean Post Partum Period, Open Period and Calving Interval of 
Crossbred Dairy Cows in Different 5 Dairy Herds
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 Figure 9. Mean Blood Levels of Glucose and Cholesterol of 
Crossbred Dairy Cows in Different Stages of Lactation
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 3.4.1 Blood Glucose Levels in Different Stages of    Lactation 
 The mean blood levels of glucose were 39.3 + 12.6 mg/dl in the 
early stage of lactation, 45.1 + 3.5 mg/dl in the mid-lactation, 41.1 + 7.3 
mg/dl in late lactation , 39.2 + 8.0 mg/dl in the dry period and  47.7 + 5.1 
in the closed-up dry period. The stage of lactation had significantly 
affected (P< 0.0001) the blood levels of glucose in this study. The level 
was significantly lower (P< 0.0001) in the early stage of lactation, and 
significantly higher in the mid-lactation and in the Closed-up dry period. 
There was no significant difference between the blood levels of glucose 
in the late lactation and in the dry period. 
3.4.2.Mean blood Cholesterol Levels in Different Stages of Lactation: 
The mean blood levels of cholesterol in different stages of lactation 
were 57.6 + 7.6 mg/dl in the early stage of lactation, 69.8 + 12.4 mg/dl in 
mid-lactation, 66.1 + 9.9 mg/dl in late lactation, 56.4 + 5.9 in the dry 
period and 63.5 + 18.5 mg/dl in the closed-up dry period. The stage of 
lactation had a significant effect (P< 0.0001) on the blood levels of 
cholesterol in this study. The levels were significantly lower in the early 
stage of lactation and in the dry period and significantly higher in the 
mid-lactation and in the closed-up dry period, but the level in the late 
lactation was not different from the level in mid-lactation and in the 
closed-up dry period.  
 
3.4.3. Mean blood Calcium Levels in Different Stages of Lactation: 
Blood levels of calcium were significantly affected (P< 0.0001) by 
the stages of lactation. The level was significantly lower in the early stage 
of lactation and in the dry period. The levels were significantly higher in 
the mid-lactation, which was 7.4 + and in the closed-up dry period, which 
is 7.3 + 1.3 mg/dl. There is no significant difference between the blood 
levels of calcium in the dry period, which was 6.3 + 1.0 mg/dl and in the 
early lactation, which was 5.9 + 0.7 mg/dl and late lactation, which was  
6.7 + 0.9 mg/dl.  
3.4.4. Mean blood Phosphorus Levels in Different Stages of 
Lactation:  
The mean blood levels of phosphorus were significantly affected 
by the stages of lactation (P<0.0001). The level in the early stage of 
lactation which was 5.1 + 1.1 was significantly higher than the other 
stages. Also the level in the dry period which was 4.4 + 1.2 was 
significantly higher than the levels in the mid-lactation which was 4.0 + 
0.5 mg/dl and in the closed-up dry period, which was 4.0 + 0.8 mg/dl. 
3.4.5. Mean Blood Magnesium Levels in Different Stages of 
Lactation: 
The mean blood levels of magnesium in the different stages of 
lactations were significantly different (P< 0.0001). The blood level in the 
dry period which was 2.8 + 1.3 mg/dl was significantly lower than the 
levels in the other stages. The level in the closed-up dry period, which 
was 3.7 + 1.3 mg/dl was significantly higher than the levels in the late 
stage of lactation which was 3.0 + 0.5 mg/dl but the level in the closed-up 
dry period was not significantly different from the levels in the early 
stage of lactation, which is 3.3 + 0.8 mg/dl and in the mid- lactation 
which was 3.4 + 0.7 mg/dl.  
3.4.6. Mean blood Urea Levels in Different Stages of Lactation: 
The mean blood levels of urea in the different stages of lactations 
were significantly different (P<0.0001). The level in the dry period, 
which was 8.3 + 1.2 mg/dl was significantly lower (P<0.0001) than the 
levels in the other stages. The level in the mid-lactation which was 15.9 + 
3.3 mg/dl was significantly higher than the levels of the other stages of 
lactation. The level in the closed-up dry period was higher than the level 
in the dry period but the level was not significantly different from the 
level of the late stage of lactation. 
3.3.7. Mean Blood Total Protein Levels in Different Stages of 
Lactation: 
 The mean blood levels of total protein in the mid-lactation, which 
was 10.5 + 2.3 is significantly higher than the blood levels in the other 
stage of lactation. The levels during the closed-up dry period were 
significantly higher than those during the dry period and during the late 
lactation but there was no significant difference between the levels during 
the closed-up dry period and the levels during the early stage of lactation.   
3. 5. Experiment 4: Reproductive Performance of Crossbred Dairy 
Cows: 
 In this experiment, the reproductive performance of crossbred dairy 
cows in different 5 dairy herds were recorded. The duration of postpartum 
period, the number of services per conception, the open period and the 
calving interval were determined in this experiment. The result of this 
experiment is as shown in table 5 and figures 10 and 11.  
3.5.1. Duration of Postpartum Period: 
The mean durations of postpartum periods reported in this study 
were 84.0 + 21.6 days, 85.3 + 13.9 days, 91.2 + 21.0 days, 92.0 + 21.3 
days and 96.4 + 24.6 days for H1, H2, H3, H4 and H5 respectively. There 
was no significant difference (P>0.05) between the durations of 
postpartum period of the 5 different dairy herds, although the duration of 
postpartum period of H5 was significantly higher (P< 0.05) than the 
duration of postpartum periods of H1 and of H2.  
3.5.2. Number of Services per Conception: 
 The mean number of services per conception reported in this study 
were 2.1 + 0.9, 3.2 + 1.3, 2.2 + 0.8 and 2.0 + 1.2 for H1, H2, H3, H4, and 
H5. There was significant difference (P< 0.0001) in the number of 
services per  conception of the different 5 dairy herds.  
Table 5.  Reproductive Traits of Crossbred Dairy Cows in Different Dairy 
Herds 
 
 
Herd No. Post-partum Period  
(Days) 
Number of 
Services Per 
Conception 
Open Period 
(Days) 
Calving Interval 
(Days) 
H1 84.0±21.6 2.1±0.9 113.2±19.0 392.4±18.6 
H2 85.3±13.9 3.2±1.3 131.0±27.2 409.4±26.6 
H3 91.2±21.0 2.2±1.4 118.3±23.9 396.3±23.1 
H4 91.9±21.3 2.3±1.4 116.7±27.5 396.0±28.1 
H5 96.4±24.6 2.0±1.2 117.4±24.2 396.0±24.5 
Figure 10. Mean Blood Levels of Calcium, Phosphorus, Magnesium and Urea of 
Crossbred Dairy Cows in Different Stages of Lactation
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Figure 11. Mean Blood Level of Total Protein 
of Crossbred Dairy Cows in Different Stages of 
Lactation
0
2
4
6
8
10
12
Early Lactation Mid-lactation Late Lactation Dry Period Closed-up Dry
Period 
g/
dl
       The number of services per conception in H2 was significantly higher 
than the number of services per conception of the other 4 dairy herds. 
There was no significant difference between the other 4 dairy herds.  
3.5.3. Open Periods: 
The lengths of the open periods of the different 5 dairy herds 
reported in this study were 113.1 + 18.6 days, 131.5 + 27.2 days, 118.3 + 
24 days, 116.7 + 27.5 days and 117.4 + 24.2 days for H1, H2, H3, H4 and 
H5 respectively. There was significant difference (P< 0.0001) in the open 
periods of the 5 dairy herds.  The mean open period of diary cows in H2 
was significantly higher than the open periods of the other dairy cows in 
the other 4 dairy herds and there were no differences between these herds.  
3.5.4. Calving Interval: 
The mean calving intervals reported in this study were 392.4 + 18.6 
days, 409.4 + 26.6 days, 396.3 + 23.4 days, 396.0 + 28.1 days and 396.0 
+ 24.5 days for H1, H2, H3, H4, and H5. There was significant difference 
(P< 0.05) between the 5 dairy herds regarding the calving intervals. The 
mean calving interval of the dairy cows in H2 was significantly higher 
than those reported for dairy cows in the other 4 dairy herds. There were 
no significant differences between the other 4 dairy herds. 
 
 
3. 6. Experiment 5: Effect of Blood Metabolites on Reproductive 
Performance of Crossbred Dairy Cows: 
 In this experiment, the relationships between the levels of glucose, 
cholesterol, calcium, phosphorus, magnesium, urea and total protein of 
crossbred dairy cows during the postpartum period, and the duration of 
postpartum period and number of services per conception were 
established. 80 crossbred diary cows which at the early post partum 
periods were selected. The results of this experiment are as shown in 
figures 12- 25. 
3.6.1. Effect of Blood Levels of Glucose on Duration of Postpartum 
period and Number of Services per Conception: 
Glucose levels during the postpartum period reported in this study 
had no effect on the duration of postpartum period and the number of 
services per conception (Y< 0.1). 
3.6.2. Effect of Blood Levels of Cholesterol on Duration of 
postpartum period and Number of Services per Conception: 
 Cholesterol levels during the postpartum period had a negative 
relationship with the duration of postpartum period but there was no 
relationship between them and the number of services per conception. 
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Figure 16. Effect of Blood Calcium Levels on 
Postpartum Period 
 
 
 
Y = 83.283 + .598 * X; R^2 = .001 
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Figure 17. Effect of Blood Calcium Levels on 
Number of Services Per Conception 
 
 
 
 
 
Y = 5.695 - .441 * X; R^2 = .18 
 
 
 
 
 
 
 
 
 
 
01
2
3
4
5
6
7
8
Nu
m
be
r o
f S
er
vi
ce
s 
Pe
r C
on
ce
pt
io
n
30 35 40 45 50 55 60
Glucosel (mg/dl)
Figure 13. Effect of Blood Glucose Levels on  
Number of Services Per Conception  
  
  
  
  
  
Y = 4.672 - .044 * X; R^2 = .033    
  
Figure 12. Effect of Blood Glucose Levels on 
Postpartum Period 
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Y = 60.763 + .62 * X; R^2 = .028
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Figure 15. Effect of Blood Cholesterol Levels on 
 Number of Services Per Conception 
 
 
 
 
 
 
 
 
Y = 2.36 + .009 * X; R^2 = .005 
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Figure 14. Effect of Blood Cholesterol Levels on 
Postpartum Period 
 
 
 
Y = 109.326 - .463 * X; R^2 = .065 
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Figure 18. Effect of Blood Phosphorus Levels on 
 Postpartum Period 
 
 
 
Y = 111.351 - 5.404 * X; R^2 = .092 
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Figure 19. Effect of Blood Phosphorus Levels on 
Number of Services Per Conception 
 
 
Y = 3.636 - .193 * X; R^2 = .027 
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Figure 20. Effect of Blood Magnesium Levels on 
Postpartum Period 
 
 
 
 
Y = 93.054 - 1.775 * X; R^2 = .011 
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Figure 21. Effect of Blood Magnesium Levels on 
Number of Services Per Conception 
 
Y = 3.125 - .107 * X; R^2 = .009 
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Figure 24. Effect of Blood Total Protein Levels on 
Postpartum Period 
 
Y = 91.516 - .472 * X; R^2 = .004 
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Figure 25. Effect of Blood Total Protein Levels on 
Number of Services Per Conception 
 
 
Y = 1.093 + .186 * X; R^2 = .13 
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Figure 22. Effect of Blood Urea Levels on 
Postpartum Period 
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Figure 23. Effect of Blood Urea Levels on  
Number of Services per Conception 
 
Y = -.107 + .194 * X; R^2 = .632 
 
 
   3.6.3. Effect of Blood Levels of Calcium on Duration of postpartum 
period and Number of Services per Conception: 
Calcium levels during the postpartum period had no effect on the 
duration of postpartum period, but there was negative relationship 
between these levels and the number of services per conception (Y> 0.1). 
3.6.4. Effect of Blood Levels of Phosphorus on Duration of 
postpartum period and Number of Services per Conception: 
  Blood levels of phosphorus reported in this study had negative 
relation with the duration of postpartum period (Y= 0.1) but there was no 
relationship between them and the number of services per conception. 
3.6.5. Effect of Blood Levels of Magnesium on Duration of 
postpartum period and Number of Services per Conception: 
 Blood magnesium levels reported in this study had no relationships 
between either the postpartum period nor the number of services per 
conception (Y < 0.1). 
3.6.6. Effect of Blood Levels of Urea on Duration of postpartum 
period and Number of Services per Conception: 
 Blood urea levels during the postpartum period had no effect on the 
duration of the postpartum period, but the levels were spositively related 
to the number of services per conception. 
 
 3.6.7. Effect of Blood Levels of Total Protein on Duration of 
postpartum period and Number of Services per Conception: 
 Blood levels of total protein had no effect on the duration of the 
postpartum period, but a positive relationship was reported in this study 
between these levels and the number of services per conception.  
3.7. Experiment 6: Uses of Metabolic Profiling Test to Predict 
Occurrence of Metabolic Diseases:  
In this experiment metabolic profiling test was used as a tool to 
predict the occurrence of milk fever and bovine ketosis in crossbred dairy 
cows. The mean blood levels of glucose, cholesterol, calcium, 
phosphorus, magnesium, urea and total protein during the dry period of 
dairy cows which developed milk fever and dairy cows which developed 
the bovine ketosis were as summarized in tables 6 and 7 respectively. The 
mean blood calcium, phosphorus and magnesium of milk fever cases 
were  4.2 + 0.7 mg/dl, 1.8 + 0.4 mg/dl and 1.3 + 0.6 mg/dl respectively, 
which, were significantly lower (P < 0.0001) than the blood levels during 
the dry period which were 6.8 + 0.7 mg/dl for calcium, 4.2 + 0.3 mg/dl 
for phosphorus and 3.3 + 0.6 mg/dl for Magnesium. The three blood 
metabolites values when decreased to about 49% from the mean level of 
the other dairy cows during the dry period, milk fever occurred. Mean 
blood levels of glucose and cholesterol of dairy cows,  which showed  
Table 6: Metabolic Proflies of Milk fever Cases During the Dry Period 
 
 
Blood Metabolites 
 e 
. Calcium 
(mg/dl) 
Phosphorus 
(mg/dl) 
Magnesium
(mg/dl) 
Glucose 
(mg/dl) 
Cholesterol 
(mg/dl) 
Urea 
(mg/dl0 
Tot
Prote
(g/d
3.1  ± 0.6 1.6 ± 0.3 1.0 ± 0.2 36.0 ±2.4 32.8 ± 6.3 10.0 ± 0.5 9.0 ± 
4.0 ± 0.9 1.9 ± 0.8 1.1 ± 0.3 44.0 ±1.4 51.0 ± 7.8 18.5 ± 3.2 11.5 ±
3.4 ± 0.5 1.5 ±0.5 1.1 ± 0.3 46.8 ± 4.9 59.8 ± 9.3 18.3 ± 1.7 12.3 ±
4.3 ± 0.6 2.1 ± 0.7 1.0 ± 0.1 42.5 ± 2.9 55.0 ±9.9 17.3 ± 3.6 11.0 ±
4.3 ± 0.6 2.5 ± 0.5 1.0 ± 0.2 43.5 ±2.4 57.3 ±10.8 13.8 ± 2.6 12.0 ±
4.3 ± 0.6 1.6 ±0.4 1.1 ± 0.2 44.5 ± 0.6 54.0 ± 6.9 13.2 ± 3.4 12.5 ±
3.6 ± 0.5 2.0 ± 0.5 1.2 ± 0.5 42.8 ±2.2 51.3 ± 7.5 15.5 ±3.1 11.3 ±
4.4 ± 0.4 1.8 ± 0.6 1.0 ± 0.4 42.0 ±2.3 60.5 ± 11.7 12.3 ±1.7 10.8±±
4.5 ± 0.4 2.3 ± 0.6 1.8 ± 0.4 42.3 ± 2.6 57.8 ± 6.9 14.3 ±1.7 10.8 ±
5.6 ± 0.5 1.3 ± 0.6 0.9 ± 0.1 42.3 ± 2.6 57.8 ± 6.0 13.5 ± 1.3 10.8 ±
4.2 ± 0.2 1.4 ±0.4 1.6 ± 0.7 42.3 ±2.6 56.8 ± 2.2 14.3 ±1.0 11.0 ±
 
Table 7:  Metabolic Profile of Ketosis Cases During the Dry Period 
 
 
Blood Metabolites Case 
No. 
Calcium 
(mg/dl) 
Phosphorus 
(mg/dl) 
Magnesium 
(mg/dl) 
Glucose 
mg/dl 
Cholesterol 
(mg/dl) 
Urea 
(mg/dl) 
Total Protein
(g/dl) 
68 6.7 ± 0.3 3.9 ± 0.6 3.1 ± 0.7 28.0 ± 2.6 32.0 ± 3.3 20.3 ± 0.7 12.5 ± 0.7 
153 6.0 ± 0.5 4.0 ± 0.9 3.7 ± 0.3  32.3 ± 0.3 41.3 ± 1.2 23.0 ± 1.7 12.5 ± 0.7 
 
 clinical signs of milk fever, were not predictive for the occurrence of the  
disease, but blood levels of urea and total protein of dairy cows during the 
dry period were significantly higher in dairy cows, which developed the 
disease. The mean blood levels of glucose and cholesterol of dairy cows, 
which developed bovine ketosis, were significantly lower than the mean 
blood levels of the other dairy cows which did not develop the  disease 
and the two metabolites were predictive for the occurrence of bovine 
ketosis. Mean blood levels of urea and total protein of cows developed 
ketosis were about 2 times the mean blood levels of other dairy cows 
which did not show the signs of the disease.  
3.8. Experiment 7: Investigation of Milk fever and Bovine Ketosis: 
3.8.1. Milk Fever: 
During the period of metabolic profiling test, 11 dairy cows, out of 
the 206 examined dairy cows (5.34%) could develop the conventional 
signs of milk fever. One cow (No. 33) was belonging to H1, 3 cows (No. 
50, 55,and 60) were belonging to H2, other 3 cows (No. 100, 109, and 
120) were belonging to H3, 2 cows (No. 150 and 160) were belong to H4 
and 2 cows (No. 190 and 195) were belonging to H5. The incidences of 
the disease in the 5 examined dairy herds were 2.22% to H1, 6.52% to H2, 
6% to H3, 5% to H4 and 8% to H5.  
 
 
3.8.1.1. Case Histories and Clinical Signs: 
The case histories of the 11 milk fever cases were recumbency of 
the dairy cows with parities ranged between 3-7 calvings, with previous 
histories of milk yields ranged between 17.7-22.2 lit / day and that 24 
hours had not yet been passed from the time of delivery except for one 
case (No. 190) which it’s history revealed the passage of 48 hours from 
the time of delivery. Three cases (No. 50, 100 and 120) were with 
previous histories of the disease. All the cases were approached 
immediately after the owner’s claims. All cases were found in the lateral 
recumbency and in comma state. 
3.8.1.2. Clinical Examinations: 
All the 11 milk fever cases were examined clinically before the 
commencement of treatment just in 3 minutes to avoid delaying of 
treatment. All cases were in good body conditions except one case 
(No.33), which was in poor body condition. The extremities of all cases 
were cold on touch. The involuntary letdown of bloody colostrums was 
observed in 5 cases (No. 55, 60, 109, 150 and 195). Partial uterine 
prolapse was diagnosed in one case (No. 109). The body temperature, 
pulse, heart and rumination were as shown in table 8 and Figures 26-28. 
3.8.1.3. Biochemical Examinations: 
The results of the biochemical examinations of milk fever cases 
after the appearance of the clinical signs and before the onset of   
Table 8: Clinical Parameters of milk fever Case before and after 
Treatment 
 
 
Clinical 
Parameter 
Before 
treatment 
24 hours after 
treatment 
8 day after 
treatment 
15 days 
after 
treatment 
21 days 
after 
treatment 
Temperature 
°C 
37.9 ±1.0 38.4 ± 0.6 38.4 ± 0.4 38.3 ± 0.4 38.1 ± 0.9 
Pulse 
(per minute) 
109.0 ±13.5 85.1 ± 9.4 84.2 ± 9.2 77.9 ± 
12.1 
73.1 ± 8.0 
Heart 
(per minute) 
109.6 ± 
14.4 
86.5 ± 10.8 84.9 ± 9.2 77.9 ± 
12.1 
73.1 ±8. 
Rumination  
(per minute) 
0.8 ± 0.7 1.2 ± 0.6 1.4 ± 0.5 1.6 ± 0.5 10.4 ±0.7 
 Figure 26. Body temperature of milk fever 
cases before and after treatment 
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Figure 27. Pulse and Heart rates of Milk fever Cases before and after treatment
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Figure 28. Rumination of milk fever cases before 
and after treatment 
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treatment are summarized in table 9. The biochemical examinations 
results of milk fever cases after treatment were as shown in the same table 
and Figures 29-31. 
3.8.1.4 Treatment:              
All milk fever cases were treated by using a hipracal-FM solution 
with a dose of 500 ml, which, was administered by using slow 
intravenous infusion route. The time expended to infuse the calcium 
solution for all milk fever cases ranged between 30-40 minutes. 
Five milk fever cases (45.46%) (No. 60, 100, 150, 160 and 190) 
recovered immediately after the infusion of half the dose (after 15 
minutes). The first recovery signs were the movement of the tail, belching 
and attempt to stand. Four cases (36.36%) (No. 50, 55, 109, and 120) did 
not express any signs of recovery before the completion of the dose.  
After the infusion of 500 ml hipracal solution, 9 (81.82%) paretic cows 
recovered completely and immediately stood up and moved with 
staggering and searched for its offspring. One cow (9.09%) (No.33) did 
not recover and died 3 hours post treatment. One case (9.09%) (No.195) 
could express signs of recovery by belching and attempt to stand but she 
could not. The cow changed her posture to sternal recumbency instead of 
lateral recumbency. The appetite to eat roughages and concentrates was 
poor. Pica and edema of the udder and brisket were observed. 
Hypophosphataemia concurrently diagnosed and accordingly  
Table 9: Biochemical Parameters of milk fever Case before and after 
Treatment 
 
 
 
Biochemical 
Parameter 
Before 
treatment 
24 hours after 
treatment 
8 day after 
treatment 
15 days 
after 
treatment 
21 days 
after 
treatment 
Calcium 
(mg/dl) 
2.4 ± 0.7 10.2 ±1.0 8.6 ± 1.0 7.9 ± 1.1 7.4 ± 0.6 
Phosphorus 
(mg/dl) 
1.8 ± 0.6 3.9 ± 0.6 4.3 ± 0.4 4.3 ± 0.5 5.2 ± 0.3 
Magnesium 
(mg/dl) 
12 ±02 27 ±1.1 3.0 ± 0.6 3.3 ± 0.6 3.1 ± 0.7 
Glucose 
(mg/dl) 
41.0 ± 5.8 46.± 7.9 43.4 ± 5.3 41.5 ± 2.5 42.5 ± 5.8 
Cholesterol 
(mg/dl) 
53.2 ± 10.4 56.5 ± 6.8 85.6 ± 6.3 56.4 ± 6.6 63.6 ± 
13.4 
Urea 
(mg/dl) 
16. 0± 5.8 18.8 ± 4.4 17.0 ± 3.7 14.2 ± 3.7 15.7 ± 4.1 
Total Protein 
(g/dl) 
10.0 ± 1.5 9.2 ± 1.2 10.1 ± 1.4 10.3 ± 1.6 10.3 ± 1.3 
 
Figure 29. Blood levels of Glucose and cholesterol of milk 
fever cases before and after treatment 
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 Figure 30. Blood levels of Calcium, Phosphorus, Magnesium and Urea of 
milk fever cases before and after treatment 
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Figure 31. Blood level of total protein of milk fever 
cases before and after treatment 
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this cow was retreated after 24 hours by using 2 injections of cobaphos 
solution with a dose of 40 ml given intramuscularly in 48 hours interval 
as recommended by the manufacturer. The cow was stand after 24 hours 
after cobaphos treatment. 
 The overall recovery rate of milk fever cases was 5 cases (45.46%) were 
recovered after 15-20 minutes, 4 (36.36%) recovered after 30-40 minutes, 
one case (9.09) was complicated with hypophosphataemia and recovered 
after 48 hours post calcium treatment. Death occurred in one case 
(9.09%). 
3.8.2. Bovine Ketosis:       
 During the period of metabolic profiling test 2 bovine ketosis cases 
(No. 68 and 153) were diagnosed (0.97%). One cow was belonging to H2 
(No.68) and the other (No.153) was belonging to H4.  
3.8.2.1. Cases Histories and Clinical Signs: 
 The histories of the 2-ketosis cases were that dairy cow with 3 and 
4 parities and a previous history of milk yield of 22.2 and 26 lit./ day and 
history of delivery before 2 weeks (Case no. 153) and 3 weeks (case No. 
68).  The main complain for the two cases was dramatical decrease in 
milk yield (to 8 lit./ day) and the cows first refused to eat concentrates 
and then roughages. One case (No.153) was dull and reluctant to move. 
But the other case (No.68) was alert at first and then developed nervous 
signs, which included the aimless movement and some times circling 
movement, the vigorous licking of her skin and solid objects. Pica was 
observed in the 2 cases.  
3.8.2.2. Clinical Examinations:  
 The 2 ketotic cows were examined clinically before the onset of 
treatment. The two cases were in good body conditions. The body 
temperature, pulse and heart rates and rumination are as shown in table 10 
and figures 32-34. 
3.8.2.3 Biochemical Examinations: 
 . The results of the biochemical examinations of the 2 cases after 
the appearance of the clinical signs and before and after treatment were 
shown in table 11 and figures 35-37. The interpretation of the Rothera's 
test result was as in table 12.  
3.8.2.4. Treatment: 
 The two ketotic cows were treated by using 500 ml of a 50% 
glucose solution which administered intravenously and desavitzoo 
injectable solution with a dose of 10 ml/ cow / day for 3 consecutive days 
as recommended by the manufacturer. After 24 hours none of the 2 cases 
seemed to be better. Appetite did not improve. The clinical signs 
remained as they were before the treatment. The milk production decrease 
reached 4 lit./ cow/ day. 8 days post-treatment the appetite 
 improved for both the two cases only for roughages but the two cases 
still refused to eat concentrates. Milk production did not improve.  
Table 10: Clinical Parameters of Ketosis Case before and after Treatment 
 
 
Clinical 
Parameter 
Before 
treatment 
24 hours after 
treatment 
8 day after 
treatment 
15 days 
after 
treatment 
21 days 
after 
treatment 
Temperature 
°C 
38.9 ± 0.0 39.0 ± 0.0 38.9 ± 0.4 38.7 ± 0.3 39.2 ± 0.0 
Pulse 
(per minute) 
110 ± 7.0 116.0 ± 5.7 107.0 ± 
11.3 
107.5 ± 
3.5 
75.0 ± 0.0 
Heart 
(per minute) 
110.7± 0.7 116.0 ±5.7 107.0 ± 
11.3 
107.5 ± 
3.5 
75.0 ± 0.0 
Rumination  
(per minute) 
0.0 0.0 0.0 0.5 ± 0.7 1.0 ±0.0 
 Figure 32. Body temperature of ketosis 
cases before and after treatment 
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 Figure 33. Pulse and heart rates of 
ketosis cases before and after treatment 
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 Figure 34. Rumination of ketosis cases before and 
after treatment 
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 Table 11: Biochemical Parameters of Ketosis Case before and after 
Treatment 
 
 
Biochemical 
Parameter 
Before 
treatment 
24 hours after 
treatment 
8 day after 
treatment 
15 days 
after 
treatment 
21 days 
after 
treatment 
Calcium  
(mg/dl) 
6.8 ± 0.4 6.5 ± 0.1 6.9 ± 0.2 6.9 ± 0.1 7.0 ± 0.0 
Phosphorus 
(mg/dl)  
3.3 ± 0.4 3.8 ± 0.4 4.0 ± 0.7 3.4 ± 0.3 33.5 ± 0.0 
Magnesium  
(mg/dl) 
2.8 ± 0.4 3.5 ± 0.7 3.4 ± 0.2 3.3 ± 0.4 3. ± 0.0 
Glucose 
(mg/dl) 
20.2 ± 0.2 52.5 ± 3.5 44.5 ± 0.7 43.0 ± 1.4 44.0 ± 0.0 
Cholesterol  
(mg/dl) 
37.0 ± 4.2 41.5 ± 2.1 44.5 ± 0.7 47.5 ± 3.5 44.0 ± 0.0 
Urea  
(mg/dl) 
21.3 ± 1.1 22.0 ± 2.8 21.5 ± 2.1 19.5 ± 0.7 18.0 ± 0.0 
Total Protein 
(g/dl) 
11.0 ± 1.4 9.5 ± 0.7 10.0 ± 2.8 8.5 ± 0.7 9.0 ± 0. 0 
Figure 35. Blood levels of Glucose and 
cholesterol of ketosis cases 
before and after treatment 
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 Figure 36. Blood levels of Calcium, 
Phosphorus, Magnesium and Urea of ketosis 
cases 
before and after treatment 
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Table 12:  Interpretation of Rothera’s Test Result of ketosis Cases 
Before and After Treatment 
 
 
 
 
Interpretation of results 
 
 
Case 
No. 
Before 
treatment 
24 hours 
 after treatment 
8 days 
after 
treatment 
15 days 
after 
treatment 
21 days  
after treatment 
68 + + + + - 
153 + + + - - 
 
 The nervous signs still existed after 8 days but were quite milder. After 
21 days of treatment, the clinical signs were completely disappeared, but 
milk yield did not fully regained.      
       
                                           
    
Chapter Four 
Discussion 
 
Metabolic profile test had been widely used to estimate the 
nutritional status of dairy herds, to evaluate the fertility of the herds and 
to predict the occurrence of certain metabolic diseases so that control 
measures can be taken (Payne et al., 1970 and Williams et al., 1970).  
In this study, metabolic profiling test was established based on 
determination of blood levels of glucose, cholesterol, calcium, 
phosphorus, magnesium, urea and total protein of dairy cows in different 
five dairy herds in Khartoum State. The mean blood glucose levels 
reported in this study in the different five dairy herds ranged between 
43.2 and 45.6 mg/dl. These levels are assumed to be the normal ones for 
crossbred Sudanese dairy cows, although Awad (1997) had established a 
glucose profile for crossbred dairy cows in Sudan and The author 
reported higher values. The lower values reported in this study may be 
due to today's experience of increasing milk yield of dairy cows by 
increasing the crude protein percentage of diets. McClure et al. (1978) 
reported that dairy herds in Australia have wide ranges of blood glucose, 
which ranged between 33.2 and 53.1 mg/dl. Rowlands et al. (1975) 
defined the normal mean-glucose concentration in British dairy herds as 
ranging between 36.5 and 53.5 mg/dl. The authors added that 
hypoglycaemia occurs when blood glucose levels are bellow 36.5 mg/dl. 
The finding of this study and those of others indicated that definition of 
normal levels of blood metabolites depend on many factors and vary from 
country to other. The blood levels of cholesterol reported in this study 
ranged between 51.7 and 74.2 mg/dl. The level of this blood metabolite 
had never been previously determined in crossbred dairy cows. Blood 
levels of calcium, phosphorus, magnesium, urea and total protein reported 
in this study  ranged between 6.2 and 7.0, 3.7 and 4.8, 2.5 and 4.0, 16.0 
and 10.6 mg/dl and 7.1 and 10.8 g/dl respectively. Herd had a significant 
effect on blood levels of all metabolites reported in this study but not on 
glucose levels. The lowest values for glucose, cholesterol, calcium and 
magnesium and the highest values of urea and total protein were reported 
in H2 along with the highest crude protein percentage (42.2 %). This 
result concluded that blood metabolites are directly affected by the 
location of herd, the feeding and the management systems, a result that is 
in accordance with the result of Payne et al. (1970) who stated that 
differences of blood chemistry among herds and even within the one herd 
are common.  
 The effect of season on the blood metabolites levels was 
comprehensively reviewed (Lee et al., 1978). In this study, season has no 
effect on blood levels of glucose, cholesterol, calcium, magnesium and 
urea but blood levels of phosphorus and total protein had been 
significantly affected by season. Although many researchers reported that 
blood metabolites tend to be higher in humid summer and lower in the 
cold season, but in this study, the effect of season on blood metabolites 
levels is not clear because, I think, due to two factors, first our dairy cows 
completely adapted to Sudan climate and the second factor is that the 
interaction of seasons in Sudan became very clear in the last few years.  
 The effect of stage of lactation had also been reviewed (Lee, et al., 
1978). In this study, blood metabolites tend to be lower in early stage of 
lactation, due to negative energy balance resulting from the great in-
appetence, and during the dry period, due to low daily allowance of  feed, 
and increase during the period of positive energy balance and during the 
closed-up dry period. The result of this study is highly agreed with those 
previously reported except for phosphorus, a blood mineral which was 
significantly higher in early stage of lactation and during the dry period. 
The explanation of this result seem to be difficult because phosphorus, 
calcium and magnesium are interrelated metabolites so that factors lead to 
fluctuation on level of one of them should affect the others, but I think, 
the increase of blood levels of phosphorus in early stage of lactation and 
during the dry period along with calcium and magnesium levels without 
being affected, may be due to presence of materials such as phytic acid, 
which is available in grain, and complexes with calcium and magnesium 
and prevent the intestinal absorption so that the interrelation of calcium, 
phosphorus and magnesium metabolism is interrupted. 
 The reproductive performance of the surveyed crossbred dairy 
cows was determined in this study. The duration of postpartum period, 
the number of services per conception, the open period, and the calving 
interval in this study ranged between 84.0 and 96.4 days, 2.0 and 3.2, 116 
and 131days and 362 and 409.4 days respectively. The duration of 
postpartum period, the open period and the calving interval reported in 
this study are higher than those reported previously for crossbred 
Sudanese dairy cows (Osman, 1972, Magda, 2002). The number of 
services per conception reported in this study is higher than that reported 
by Osman (1972) but is lower than that reported by Magda (2002). But 
according to this result and the previously reported findings, the fertility 
of crossbred Sudanese dairy cows is low as the duration of postpartum 
period is exceed 80 days, the number of services per conception is above 
2, the open period is beyond 100 days and the calving interval is above 
360 days. 
 The relationships between blood metabolites during the early 
postpartum period and the reproductive performance of dairy cows were 
well reviewed and by now became a vital area of dairy practicing (Payne 
et al., 1970, Jordan and Swanson, 1979 and Jones et al., 1991). The 
relations between blood levels of glucose, cholesterol, calcium, 
phosphorus, magnesium, urea and total protein during the early 
postpartum period were well established in this study. Blood levels of 
glucose and magnesium were found to have no effect on  the reproductive 
performance of crossbred dairy cows. For glucose, many authors reported 
that the pregnancy rates increase while increasing the glucose levels 
(McClure and Payne, 1978 and Peterson  and Walden, 1981), but Jones et 
al. (1982) reported that blood glucose of dairy cows with fertility 
problems in Virginia remained within the normal range. So that there is a 
need  for further study to confirm the effect of glucose levels on 
reproductive performance. The role of blood magnesium levels alone on 
reproductive performance in this study is not important. Blood cholesterol 
levels were found to have no effect on  the number of services per 
conception but the duration of postpartum period was found to be 
negatively affected by blood levels of cholesterol, the period decreased 
while cholesterol levels increased, as cholesterol acts as a precursor for 
prostaglandin and other hormones synthesis. Although calcium had been 
reported as an important factor on all metabolic processes including 
hormones, but in this study, calcium was found to have no effect on  the 
duration of postpartum period, this is  may be due to other factors needed 
to be investigated. However, number of services per conception was 
found to be negatively related to blood calcium levels as calcium is 
responsible for the contraction of myometrium so that calcium deficiency 
may retard the movement of the fertilized ovum from fallopian canal to 
the body of the uterus to be implanted there and consequently early 
embryonic death occurs and the cow return to estrus and requires further 
inseminations. Blood phosphorus was found to be affect the duration of 
postpartum period as phosphorus along with calcium are important 
factors in metabolic pathways including reproductive tract secretions 
metabolism. Blood urea and total protein was found to be not affect the 
duration of postpartum period but the number of services per conception 
had negatively related to the blood levels of urea and total protein. Crude 
protein percentage of diets and blood levels of total protein and urea are 
highly related and the metabolites have a direct effect on dairy cows 
fertility (Jordan and Swanson, 1979, Drori and Folman, 1971, Bell et al., 
1995). Feeding excess protein (19.3% crude protein dry matter) to dairy 
cows was found to impair the fertility by increasing days open and 
services per conception and consequently increasing calving interval as 
compared to lower percents of dietary crude protein (12.7 % crude 
protein dry matter). Increased dietary crude protein result in increased 
blood levels of total protein and urea. The products of protein and urea 
metabolism like ammonia may alter uterine environment or function of 
reproductive tract by altering the hydrogen percentage (pH) and ion 
composition of the reproductive tract secretions resulting in decreased 
viability of sperms, ova and zygotes and then increased number of 
services per conception. Also increased blood urea and total protein 
results in a more negative energy balance, which result in energy 
deficiency and impaired fertility (Butler et al., 1981).  
 Metabolic profile test had been widely used to identify and 
investigate developing situations before they have the chance to be 
harmful (Lee et al., 1978). In this study, metabolic profile test was used 
to predict the occurrence of milk fever and bovine ketosis in crossbred 
dairy cows and the tool was found to be very useful to predict individual 
problem which had its origin during the dry period, but the so expensive 
cost of individual samples analysis may decrease the benefit of using 
metabolic profile test as a method to predict the occurrence of metabolic 
diseases, however the test can be used to estimate the herd status 
regarding the nutrition by pooling the samples as the interpretation of 
results is dealing with the mean values. In this study, Blood levels of 
calcium, phosphorus and magnesium during the dry and closed-up dry 
periods were found to be highly predictive for the occurrence of milk 
fever. The ranges of the minerals levels during the dry period were  
3.4-5.6 mg/dl for calcium, 1.3- 2.5 mg/dl for phosphorus and 0.9-1.6 
mg/dl for magnesium. The levels were significantly lower in dairy cows 
developed the disease milk fever than the levels of cows, during the dry 
period, which did not develop the disease.  Blood levels of glucose and 
cholesterol were not predictive for the occurrence of the disease milk 
fever. All milk fever cases had a significantly higher urea and total 
protein levels ranged between 12.3 and 18.5 mg /dl for urea and 10.8 and 
12.3 g/dl for total protein during the dry period. Determination of blood 
levels of glucose during the dry period was found to be useful to predict 
the occurrence of bovine ketosis. The levels were found to be range 
between 28.0 and 32.3 mg/dl for dairy cows which later developed the 
disease. Also blood cholesterol levels were lower in dairy cows, which 
developed the disease. Blood levels of urea and total protein were 
significantly higher in dairy cows, which developed the disease. 
Milk fever is one of the most important metabolic disorders of 
dairy cows (Kelton, et al., 1998). In this study, the incidence of milk 
fever among Sudanese crossbred dairy cows was found to be 5.34 %, the 
incidence which is within the incidence rates reported in other countries 
(Rajala and Grohn, 1998), but the incidence in United States was quite 
higher than the incidence reported in this study (Curtis et al., 1983). The 
incidence of the disease was not similar in the 5 surveyed dairy herds due 
to different feeding system and different management programs. The 
incidence was lower in H1, (2.22 %) because, I think, due to lower crude 
protein percentage in the diet (20.3%) and experience of exercise. The 
higher incidence was reported in H5 (12 %), the smallest herd. This 
finding is not compatible with findings of other authors who reported that 
the incidence of the disease was higher in large herds due to 
uncontrollable management. But, in our dairy herds in Sudan, small herds 
are always under the highest risk of the occurrence of the disease because 
their owners do not give them great attention, as dairy rearing is  a side 
work to them.  All milk fever cases in this study reported in dairy cows 
with their parity ranging between 3 and 7 calvings. No milk fever cases 
reported in dairy cows with less than three parities. This finding is in 
accordance with those of many authors who reported that milk fever is a 
disease of multiparous cows because tissue 1, 25- di-hydroxyvitamin D 
receptors concentrations decline with age (Hove, et al., 2001). All milk 
fever cases in this study reported in relatively highly producing dairy 
cows (17.7-22.2 lit./ day), the finding which was previously reported by 
many authors and emphasizing the contributory effect of lactation on the 
occurrence of the disease rather than the effect of parturition (Jonsson, 
and Pehrsonm, 1971). In all milk fever cases reported in this study 
animal's owners or attendants did not observe the clinical signs of the 
disease unless the cow was recumbent. This observation indicated that the 
first stage of the disease is shorter and pass without being observed. Also 
the second stage of the disease was not observed in any of the milk fever 
cases that is because animal's attendants disregard this stage because they 
think that the posture characteristic for this stage is due to the effect of 
parturition. All milk fever cases reported in this study occurred within the 
first 24 hours of delivery except one case (9.09%), which occur after 48 
hours from parturition. Three cases (27.27%) were with a previous 
history of the disease, a finding which support the presence of the 
hereditability susceptibility to the disease. The coldness of the extremities 
and the loss of conscious were recorded in all milk fever cases in this 
study as previously reported (Blood et al., 1986). Partial uterine prolapse 
was diagnosed in one case (9.09 %), the finding that was previously 
reported as one of the complication of the disease due to depression of 
myometrium tone due to calcium deficiency (Larsen et al., 2001).  
In this study, involuntary letdown of bloody colostrum was 
observed in 5 cases (45.45%), a result which had never mentioned before 
as associated with calcium deficiency. This clinical signs, I think, is due 
to  loss of tone of teat sphincter muscle and due to the dilatation of the 
blood vessels due to calcium deficiency. This finding explains the 
observation of Blood et al. (1986) who suggested that bloody milk occur 
immediately after parturition could easily be treated by intravenous 
injection of calcium solutions. Pica and udder and brisket oedema 
observed in one milk fever case (9.09%) which was a ccompanied by 
hypophosphataemia, may be due to the compression of mammary vein by 
the fetus rather than due to effect of hypocalcaemia or 
hypophosphataemia. The clinical picture of the disease milk fever before 
and after treatment is reported in this study. Body temperature was lower 
before treatment (37.9 ºC) due to the vasodilatation and the general 
circulatory collapse (Fenwick, 1969). Pulse and heart rates were 
significantly higher before treatment (P < 0.05). Rumination remained 
within the normal range before and after treatment in this study, but was 
slightly lower before treatment, a finding, which is in accordance with 
those previously reported  (Larsen et al., 2001). 
Mayer et al. (1975) reported that the disease occurs when calcium 
levels  reduce to bellow 8 mg/dl, usually to 5 mg/dl and sometimes to as 
low as 2 mg/dl, Serum in-organic phosphorus levels  usually depress to 
1.5-3.0 mg/dl and serum levels of magnesium elevate moderately to 4.0-
5.0 mg/dl, although Sansom et al. (1983) reported an evidence of 
connection between hypocalcaemia and hypomagnesaemia. In this study, 
milk fever occurs when calcium, phosphorus and magnesium, the 
important elements in the pathogenesis of the disease, blood levels 
reached 2.4 ± 0.7 mg/dl, 1.8 ± 0.6 mg/dl, and 1.2 ± 0.2 mg/dl 
respectively. This result confirmed that decreased blood levels of 
calcium, phosphorus and magnesium are the main biochemical disorders 
associated with the disease, the result which was previously reported by 
many authors (Kvart et al., 1982, and Sansom et al., 1983). Blood levels 
of Glucose were higher 24 hours after treatment as hipracal-FM solution 
is composed of 10% dextrose. Blood cholesterol, Urea and total protein 
are not different before and after treatment. Oikawa and Catoh (2002) and 
Pukkwamsuk et al. (1999) suggested that milk fever occur in cows with 
fatty liver and liver lipidosis, which developed during the non-lactation 
stage, but in this study, the normal values of cholesterol of milk fever 
cases may refute this suggestion.  
Calcium borogluconate is the standard preparation for treatment of 
milk fever (Roberts, 1975). The dose of the preparation to treat the 
disease is questionable (Alanko et al., 1975). All milk fever cases 
reported in this study were treated by using intravenous injection of 500 
ml of hipracal-FM solution. Five cases  (45.45%) recovered after 15 –20 
minutes, after administration of half the dose, and 4 cases (36.36%) 
recovered after infusion of the used dose (500 ml), one case (9.09%) 
which was complicated by hypophosphataemia expressed signs of 
recovery after administration of 500 ml of hipracal-FM solution but did 
not stand. This case was retreated by using cobaphos injectatble solution 
and recovery occurred after 24 hours. One case which was complicated 
by hypoglycaemia (9.09%) died after 3 hours of hipracal administration 
due to poor metabolic profile rather than due to milk fever. The overall 
recovery rates in this study were 81.82 % as immediate recovery, 9.09% 
as complicated recovery and 9.09% death. No relapses cases reported in 
this study. This result is in accordance with that previously reported by 
Fenwick (1969) who estimated the recovery rate as 60 % after single dose 
of calcium solution and recovery which complicated by other diseases as 
10 % and death as 15 %, but disagreed with the same author who reported 
that 25-30 % recovered cows after single dose of calcium solution were 
expected to relapse and required further treatment. Our study concluded 
that single dose of calcium borogluconate solution is highly effective in 
treating milk fever. 
Bovine ketosis is a metabolic disease that occurs in heavily 
producing dairy cows due to impaired metabolism of carbohydrate and 
volatile fatty acids and characterized by hypoglycaemia, ketonaemia and 
ketonuria (Mills et al., 1986). The disease is prevalent in many countries 
including Sudan.  In this study, the disease was diagnosed in two cases 
(0.97%) among the surveyed dairy cows. In this study, bovine ketosis 
occurred in dairy cows, which were with a previous history of milk yields 
ranging between 22.2-26 lit/day, Parities ranging between 3 and 4 
calvings and a history of parturition before less than one month. No 
Ketosis case reported in heifers in this study. Body temperature remained 
within the normal range, pulse and heart rates were higher than the 
normal even after treatment. Rumination suppressed till 15 days elapsed 
and then it improved along with disappearance of blood ketone bodies. 
Improvement did not occur immediately after treatment although blood 
glucose level elevated significantly 24 hours post treatment. These 
findings indicated that hypoglycaemia alone is not responsible for the 
appearance of clinical signs particularly the nervous ones. The disease 
occurred when blood glucose level decreased to 20.2 ± 0.4 mg/dl with 
positive result for presence of ketonaemia when using Rother's test. The 
result is in accordance with the previously reported results (Baird, 1982 
and Vasilev, 1977), but in this study the quantitative measurement of 
blood total ketone bodies levels was not achieved. Blood levels of 
calcium, phosphorus, and magnesium remained as they were in 
apparently non-ketotic cows, but blood cholesterol was significantly 
lower in ketotic cows, a result which may support the suggestion that 
bovine ketosis occurs in dairy cows with fatty liver which developed 
during the non-lactating stage (Oikawa and Kelton, 2002). Blood levels 
of urea and total protein were significantly higher in ketotic cows, a 
finding which strongly support the assumption that high protein diets are 
contributory factors for occurrence of bovine ketosis and other metabolic 
disorders. The disease was treated by using a single dose of 500 ml of 
50% glucose solution and a combination of dexamethazone, Thiamine 
and vitamin B12. Recovery, which was estimated by the elevation of 
blood glucose, disappearance of ketone bodies along with disappearance 
of clinical signs, did not occur before 15 days. This result concluded that 
treatment of bovine ketosis by using a single dose of 500 ml 50% glucose 
solution and a corticosteroidal drug is not efficacious, and there is a need 
to increase or repeat the dose, a result that is compatible with that of 
Metzner et al. (1993) who stated that treatment by using this protocol 
needs to be repeated.  
Conclusion Drawn  
 
1. Reproductive performance of crossbred dairy cows in Sudan is 
poor 
2. Blood levels of calcium, phosphorus, cholesterol, urea and total 
protein have a direct effect on reproductive performance of 
crossbred dairy cows in Sudan. 
3. Metabolic profile test is a useful tool to predict the occurrence of 
milk fever and bovine ketosis. 
4. High crude protein percents are associated with high blood levels 
of total protein and urea and increased number of services per 
conception. 
Suggestions 
1. Decreasing the crude protein percents of dairy diets to improve the   
reproductive performance of the dairy cows. 
2. Metabolic profile tests can be carried out in dairy farms to predict the 
possibility of occurrence of metabolic diseases so that control measures 
can be taken to avoid the deleterious effect of these diseases. 
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